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AN ECOLOGICAL SURVEY OF

THE ALGAE OF

HUNTINGTON CANYON, UTAH
by
Lorin E. Squires/ Samuel R. Rushforth/ and Carol

J.

Endsley'

ABSTRACT
A quantitative and ecological study of the
algae of Huntington Canyon, Emery County,
Utah, was conducted from March 1971 to April
1972. Net plankton, nannoplankton, periphyton,
and visible attached algae were studied. Cerand chemical parameters in the
waters of Huntington Creek and a small pond
along its course were also measured.
Huntington Creek contains a wide diversity
of genera and species of algae. Diatoms are the
main constituent of the flora of this stream
throughout the year. Hydrurus foetidus is preva-

tain physical

Huntington Creek from late winter to
summer, and filamentous blue green algae
abound in the summer and fall. Cladophora
glomerata, Oedogonitim sp., and Cham vulgaris
are abundant in the creek beyond the mouth
of the canyon. Most plankton in Huntington
Creek originate on the substrate and in reservoirs on the left fork.
Huntington Creek is a cold, fast-flowing,
hard-water mountain stream, and the algal
lent in

early

flora of this creek

is

typical of such a habitat.

INTRODUCTION
In October 1970 a study of the algae of
Huntington Canyon, Emery County, Utah, was
initiated ( Fig. 1 ) The need for this study stems
from the construction of a coal-fired powergenerating station and a 30,000 acre-foot reservoir by Utah Power and Light Company. The
generating station is located in lower Huntington Canyon approximately 12 miles northwest
of Huntington, Utah, on land formerly owned
by the Utah State Division of Wildlife Resources and the Bureau of Land Management
(Fig. 2). The Peabodv Coal Company will supply coal for the generating station from a mine
2.5 miles southwest of the station, and the electricity will be transmitted south to the Four
Comers area and north to Camp Williams
(Draft Environmental Statement, 1971). When
.

completed, the station will consist of four generating units. The first unit will generate 430

megawatts of

and will be operational
one unit will be completed

electricity

in 1974. Thereafter,

during each of three four-year periods. Upon
completion, the station will be capable of generating 2,000 megawatts of electricity.

The four generators will be cooled with
water taken from Huntington Creek. To insure

Fig.

Index

1.

map

area.

^Department of Botany and Range Science. Brigliain YounK University, Provo.

t'l.ili

^f4(l02

of

the Huntington

Canyon study
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Mouth of Huntington Canyon on tlio
Company Generating Station is located at

Fig. 2

that a continuous supply of water will
able, a

new

eastern edge of tlie Wasatch Plateau. The Utah
the right center. Photographed Feb. 7, 1972.

be

avail-

reservoir, called E'ectric Lake, will

be constructed on the right fork of Huntington
Creek approximately 20 miles upstream from
the generating station near the mouth of Bear
Canyon, Emery County, Utah (Fig. 3). The
reservoir will be approximatelv 4.5 miles long
and 215 feet deep at the dam (Fig. 4). It will

Power and Light

from the spring nmoff, which will
be released as needed during the summer and
fall months. A paved road will allow access to
the reser%oir, and public recreational facilities
will be provided.
Initial impact of this project on the environment of Huntington Canyon will result from
store water

the following four factors

:

(

1 )

the construction

Biological Sehies, Vol.

Fig.

3.

Locality of the

Photographed Nov.

18,

dam

No. 2

Algae of Huntington Canyon, Utah

for Electric

16, 1970.

Lake on the Right

Fork

of

Huntington

Creek

below

Bear

Canyon.
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Fig.

4.
Upper drainage
Canyon is at the left

of the
center.

Right Fork

ol

the generating station itself, which necesextensive excavation and will infringe on
the winter deer range; (2) the scarring of the
mountainside during the construction of the
dam and the relocation of approximately 15
miles of road through heavily forested regions;
(3) the flooding of approximately 4.5 miles of

of

.sitates

Canyon

Huntjiigtoii Creek. Flat
16, 1970.

is

at the

lower right and James

Photographed Nov.

prime fishing stream on the right fork of Huntington Creek, which currently serves as spawning grounds for brown and cuttliroat trout; and
(4)

the

destruction

patli of the

Other

power

less

cially in the

of

watersheds along the

lines.

obvious effects may occur, espeaquatic environment, which often

)

Algae of Huntington Canyon, Utah
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becomes a repository

for chemical

No. 2

and physical

pollutants entering via effluents, drainage from

surrounding lands, and directly by rain and
snow. The silt load in the creek is an important
factor, especially during construction periods,
causing abrasion and erosion which can be
detrimental to the stream ecosystem. Also, the
release of reservoir water into Huntington Creek
may cause temporary or permanent temperature,
chemical, and/ or nutrient changes which will
affect the ecological balance of the biota of tlie
stream.

Because of the possible environmental effects
and En-

of this project, the Center for Health

vironmental Studies at Brigham Young Univerwith primary funding from Utah Power
and Light Company, undertook a comprehensive
study of the aquatic environment of the Huntington Canyon region in September 1970. The
initial goal of this study was to gather data on
physical, chemical, and biological parameters,
which may be used to determine future changes
in this ecosystem.
Algae are important in such an environmental impact study inasmuch as they are extremely
responsive to changes in the environment and
thus indicate changes and fluctuations that may
occur.
For instance, Blum (1957) found a
marked change in the benthic algal flora as
pollution outfalls entered the Sahne River, Michigan. Foerster and Corrin ( 1970 ) observed that
the presence or absence of certain algae enable
one to determine the condition of the water in
which they are normally found. Palmer ( 1961
stated that a knowledge of the algal population
of rivers both quantitatively and qualitatively
is important if one is to assess their true value in
sity,

the ecosystem. Pahner

( 1961) fmther stated that
can be important to know the algal
population of a river before any major change is
made in the use of the stream. Also, we need

"...

it

know the algal population of rivers throughout the year and not merely for the simimer
months."
This paper reports the initial algal studies
of Huntington Creek. Future comparative studies
will be made during and after construction and
operation of the power plant-reservoir complex.
The initial goal of this study was to obtain
an overall picture of the entire aquatic algal
flora rather than one specific part. Therefore,
sampling included water chemistry, quantitative
analysis of phytoplankton and attached algae,
and a floristic survey.
Plankton are interpreted in this study as all
organisms found in the open water (Kofoid,
1^)8), and only chlorophyll-bearing phytoplankton (Welch, 1935) are considered in this paper.
Phytoplankton are divided into net plankton
(those forms large enough to be retained by a
67-//,m mesh plankton net) and nannoplankton
(those forms which can pass through the net).
Nannoplankton are of primary importance in this
study, since diatoms, the dominant algae in most
rivers (Rice, 1938), are included in this group.
Sampling of the attached algae included bo£h
microscopic periphyton, defined by Young
(1945) as that assemblage of microscopic organisms growing upon free surfaces of submerged objects in water, and the visible attached algae.
Floristic sampling was done to determine
the composition and distribution of the algae of
the canyon.
to

REVIEW OF SELECTED ALGAL STUDIES
Aquatic research in Utah has not been exit has included several ecologi-

tensive, although

cal

and pollution studies. One significant conwas made by Clark (1958), who stud-

tribution

Logan River in
Wasatch Mounwere valuable for com-

ied the phytoplankton of the
the Bear River Range of the
tains.

Clark's

results

parison with those of the present study, since
the two streams are similar in size and certain
other characteristics. A companion study to that

conducted by Clark was completed by McCon(1959), who estimated the algal productivity of the Logan River from chlorophyll extracts
of the algae growing on the river bed.
Samuelson ( 1950) completed a study which
illustrated man's influence on the algal floras
in two mountain streams in the Wasatch Mounnell

IN

UTAH

Range east of Salt Lake Valley, Utah. He
observed that hvestock grazing and recreation
severely damaged the aquatic ecosystem in
Emigration Canyon as compared to that of Red
Butte Canyon.
Another pollution study (Quinn, 1958) demonstrated that organic wastes from the effluent
of a sugar beet factory were detrimental to the
algal flora of the Jordan River in Salt Lake
County, Utah.
tain

Currently, an algal

floristic

and ecological

being conducted along the entire length of the Provo River (Lawson, pers.
comm. ) This study will establish the algal cominvestigation

is

.

munities in the river and their responses
man's use of the drainage area.

More

investigations

have been

to

conducted

,
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on algae in Utah streams. These
are valuable, since they often include
information on the algae in the ecosystem being
studied and give general information concerning
on

insects than

studies

responses to environmental stresses.
such study was conducted by Smith ( 1959 )

of ponds, reservoirs,

and

lakes of Utah.

These

studies include the following: Piranian's (1937)
report on the plankton of the Bear River Migratory

Waterfowl Refuge; Chatwin's (1956) study

biological

of the vertical distribution of phytoplankton in

One
who

Deer Creek Reservoir, Wasatch County, Utah;

included algal samples in his macroinvertebrate study of the Weber River in north central
Utah. His results showed that siltation from
watershed misuse, habitat destruction from
dredging, and stream bottom exposure resulting

Pratt's

(

1957 ) investigation of plankton periodi-

was conducted in central
Utah on the Price' River (Miller, 1959). Although this river, like Huntington Creek, drains
the Wasatch Plateau, it is of little value for com-

Salem Lake, Salem, Utah; and Longley's
discussion of the phytoplankton associa( 1969)
tions in Flaming Gorge Reservoir. The information provided by these and similar studies
valuable in understanding stream environis
ments and communities, since lentic environments normally exert a definite strong influence
on the streams that drain them. Since several
reservoirs presently occur on the Huntington
Creek drainage, and a new one (Electric Lake)
is under construction as of 1972, their management and algal populations need to be considered as factors affecting the physical and biological parameters of Huntington Creek itself.
Mention should also be made of some important taxonomic references concerning Utah
algae. The most significant contribution in this
regard was made by Dr. Seville Flowers who

with the present study, since the exload in the Price River and organic
pollution contributed by towns through which

published mimeographed keys to the common
algae of Utah (n.d., a) and to the blue green
algae of Utah, (n.d., b). Flowers has also re-

from irrigation diversion were more destructive
to the aquatic biota than organic pollution.

An earlier study by Dustans ( 1951 ) on the
Provo River also discussed the effects of dredging on aquatic life. He mentioned reduced
photosynthesis, loss of marginal vegetation, and
the loss of diatoms, desmids, and filamentous alas primary contributing causes to the re-

gae

duction of insect benthos

in

dredged stream

channels.
A pollution studv

parison

treme
it

silt

passes

severely

restrict

biological

life.

Mil-

found only rare and limited amounts of
Cladophora sp. and Chaetophora elegans in the
river and a noteworthy absence of aquatic vasler

cular plants.

Work

has also been done on the plankton

city in

ported on the nonvascular plants of various regions of the state ( 1959, 1960 ) Two other taxonomic studies are those by Norrington (1925)
and Coombs (1964) of the Wasatch and Uinta
Mountains, and the Western Uinta Mountains,
.

respectively.

DESCRIPTION OF THE HUNTINGTON CANYON DRAINAGE
Geology
Huntington Creek

is

one of many streams

Wasatch Plateau

of central Utah.
the northernmost of the plateaus
of Utah and is situated in the central part of the
state between 30 and 40 degrees north latitude
and 111 and 112 degrees west longitude. It
merges northward with the higher land of the
Uinta Basin and is separated from the Fish
Lake Plateau to the south by a 20-mile-vvide
erosional depression.
The Wasatch Plateau,
that drain the

This plateau

is

which rises to elevations of 11,000 feet above
sea level and 5,000 to 6,000 feet above Castle
Valley on the east and Sanpete Valley on the
west (Spieker and Reeside, 1925), is essentially
mik^ long and 20 to 30 miles

a tableland 90

wide (Figs. 5-6). Strata in the plateau are
mostly Late Cretaceous and Early Tertiary in
age and lie flat or dip at moderate angles. Re-

with those less resistant,
giving cliff, bench, and slope profiles much like
those of the Colorado Plateau (Spieker and
Billings,
1940). Castle Vallev on the east is of

sistant rocks alternate

erosional origin.

The western edge

of this valley

exhibits a sharp profile, since the eastern
of the

edge

Wasatch Plateau drops abruptly through

horizontal strata from one formation to another
( Fig.
2 ) Sanpete and Sevier Valleys, west of
the plateau, arose from down folding and faulting, with the western front of the plateau itself
being a great monoclinal flexure. Otlu^ faults
nnming through the plateau have created irregularities in stratigraphy, and erosion has
carved canyon, cliffs, and gullies throughout the
area (Dutton, 1880).
.

The

eastern slopes of the Wasatch Plateau
bv deep, rock\' gorgt»s with fastflowing streams similar to lower Huntington

are dissected

Biological Series, Vol.

Fie
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drainage. Left Fork of
North central portion of the Wasatch Plateau sliowing the Huntington Creek
5
Woodward Canyon is at C,
Huntington Creek is at A, Right Fork of Huntington Creek is at B, Nuck
i-eb. 7, 197Z.
North Hughes Canyon is at D and Candland Mountain is at E. Photographed

Creek The eastern face of the plateau consists
of sharp cUffs of Starpoint sandstone and rough
erosion of the uppermost layers of Mancos
shale. From the mouth of Huntington Canyon,
Castle Vallev extends eastward toward the San
Rafael River (Fig. 7), which collects the waters
of Huntington Creek and other drainage waters

of the eastern slopes of the plateau. The San
Rafael River drains into the Green River, which
in turn feeds the Colorado River. Streams of

the western slope of the Wasatch Plateau dram
into the San Pitch and Sevier rivers.
Spieker and Billings (1940) described the
stratigraphy and thickness of each formation

Bricham Young Univehsity Science Bulletin

>

Fig.

6.
Eastern edge of the Wasatch Plateau and Lower Huntington Canyon looking eastward toward the San
Rafael Swell. The Left Fork of Huntington Creek is at the lower right, the right fork is at the lower left
and Tie Fork Canyon is at A. Photographed Feb. 7, 1972.

of the
.satch

Huntington Canyon section of the Wa-

Plateau as follows:

grained to conglomeratic

shale,

300-500'

Upper Cretaceous and Paleocene
North Horn formation. Buff, gray, red
sandstone, gray to variegated shale,
conglomerate, some limestone; floodplain and lacu,strine in origin

1500'

coal

Starpoint sandstone. Massive, cliffforming buff sandstone, medium-tofine grained; marine

Mancos

shale.

450'

Gray marine shale (only

uppermost pat^ exposed in area
2000'

Upper Cretaceous
Price River formation.

Upper member: Gray sandstone and
conglomerate with minor amounts of
shale

300'

Blackhawk formation. Medium-tcnfinegrained buff and gray sandstone, gray

Paleocene
Flagstaff limestone. Gray, tan, white
limestone, with minor amounts of shale
and sandstone; lacustrine

Castlegate sandstone member: Massive,
cliff-forming gray sandstone, coarse

600'

described)

4000' -\-

The upper portion of the Huntington Creek
drainage (Fig. 8) is mostly North Horn sandstone and shale with glaciated cirques, moraines,
and widened valleys with outwash deposits of

Biological Series, Vol,

Fig,

7,

Feb,

Mouth
7,

of

18,
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I'taii

Huntington Canyon looking across Castle Valley toward the San Rafael Swell, Photographed

1972,

(Spieker and Billings, 1940).
in Joe's Valley Graben, a
vertically displaced fault block in the central
part of the plateau. This graben averages 2.5
miles wide and extends south for 60 miles from
the north central part of the plateau (Spieker
and Billings, 1940). Most glaciers issued eastward from the western edge of the plateau
into the graben valk'\-, often coalescing to form
large sheetlike moraines. Stream notches in many
of these moraines have been dammed in recent
years to foma storage reservoirs, such as Cleveland and Huntington reservoirs.
The left fork of Huntington Oeek drains the
northern part of tliis graben and the slopes that
rise from it. The headwaters gather from Spring,
Pleistocene age

Most cirques occur

Lake, Rolfson, and Staker canyons, flow across
the graben valle\ and descend through a rocky
gorge approximatel)' 3,000 feet deep (Spieker
,

and

Billings,

IMO).'

of the right fork of Huntington Creek arise north of the termination of

The headwaters

Graben, which ends at Cleveland
right fork origmates in narrow
rocky canyons in the Price River sandstone but
flows early into Blackhawk sediments where
the stream channel widens into a broad Ushaped valley (Fig. 9). This valley remains
prominent to Bear Canyon, where it narrows
again to a V-shaped mountain gorge (Fig. 10).
Joe's Valley

Reservoir.

The

This flat-bottomed valley was created by lateral
erosive cutting by glaciers in this canyon.

Bricham Young University Science Bulletin

10

"Xfea.

Fig. 8.

Geologic

map

of part of the Wasatcli Plateau,

Utah

(after Spieker

and

Billings, 1940).
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11

Glacier cut U-shaped valley in the upper drainage of the Right Fork of Huntington Creek. Northern
9.
end of Joe's Valley Graben is at the upper right. Photographed Nov. 19, 1970.

Bricham Young University' Science Bulletin
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Fig.

10.

I^ork

Deep gorges of Huntington Canyon. Pole Canyon (A), Left Fork
Canyon (D). Photographed Feb. 7, 1972.

Climate and Vegetation Zones
Tlie upper part of the drainage of Huntington Creek exists under semihumid montane conditions, with 30 to 40 inches of precipitation
annually (Draft of Environmental Statement,

1971). A large snowpack accumulates in this
region in the winter, creating a high spring
runoff supphing ground water which feeds
local springs throughout the year. Aspen-snowberr\- ( Populus tremttloides-Stjinphoricarpos vac-

(B), Horse Creek

Canyon

12). Wet meadows and willows are common
along gendy flowing streams and in pockets
formed from Pleistocene glaciation.

Lower Huntington Canyon

exhibits a semiclimate with approximately 12 inches of
precipitation amuially. Pinyon-juniper [Pinus
monopJiyUa-Junipcrus osteosperma) and sage
{Artemesia tridentata) communities are the
dominant vegetation types here, with cottonwoods (Populus angustifolia) often hning the

arid

cinoides)

streams in the canyon bottoms (Fig. 2).

this

em

associations are scattered throughout
upper drainage with populations of subalpine spruce ( Picea engelmannii ) on the northother slopes and in the open valleys (Figs. 11-

(C), Tie

slopi^

and sagebrusli-grass communities on

Castle Valley is flat and arid with a few
scattered small towns. It provides some pasture

Biological Series,

Fig. 11
(in

.

\'ol. 18, No. 2
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North Hughes Canyon looking northeast from the Right Fork of Huntington Creek toward the Book
background) showing spruce-aspen forest cover. Photographed Nov. 16, 1970.

the

13

Cliffs
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^3

Fig.

12.

Right Fork of Huntington Creek at James Canyon. Photographed Nov.

16, 1970.
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land and crop land for

Alc.\e of Huntington Canyon,

No. 2

Utah

15

grains, utilizing irrigation water supplied

com, and other
from

tington Reservoirs on the left fork of Huntington Creek are maintained and managed by the

streams draining the eastern slopes of the Wasatch Plateau. Much of the lower slopes of the
eastern face of the Wasatch Plateau and
the Castle Vallev floor are composed of Mancos shale deposits. Since these rocks are rich in
carbonates and other easily dissolved mineral
salts,
the streams passing through them are
greatly influenced and become less desirable for

Huntington-Cleveland Irrigation Company to
supply water to the communities and farms of
Castle Valley. These reservoirs achieve some
control of the spring runoff and allow a constant flow to Castle Valley through the summer
and fall dry period. Most of the water released
by these reservoirs, as well as water from Huntington Creek proper, is diverted from the creek

Because of this, much of the
water used in Castle Valley is obtained
via canals from storage reservoirs and streams
further up the canyon where the water is of

into

of the

higher quality.

there

alfalfa,

agricultural uses.
irrigation

Description and Uses of Huntington Creek

The present study is mainly concerned
the right fork of Hunrington Creek and its
course below the junction of the two forks,
these will be influenced directly by the
Power and Light Company

project.

with

main
since

Utah

As men-

upper reaches of the right fork are
gentle and smooth flowing, becoming torrential
upon descent through deep canyon gorges. From
the headwaters of the right fork until it joins
the San Rafael River, Huntington Creek is approximately 50 miles long and drains approximately 320 square miles. The lengtii of the creek
sampled during this study extended from the
mouth of Bear Canyon downstream approximately 35 miles to the town of Lawrence on the
western edge of the San Rafael Swell.
tioned, the

The Huntington-Fairview Forest Highway
Huntington Creek and its right fork
and is paved from its junction
with Utah Highway 10 at Huntington to two
miles above the junction of the right and left
follows

rather closely

forks.

Plans for the future in this area include

an all-weather road across the summit, linking
Huntington and Fairview (Draft of Environmental Statement, 1971). Many campgrounds
and picnic areas presently occur along the creek,
and these facilities are well used, especially on
summer and fall weekends. The stream and
neighboring reservoirs are stocked and managed
by the Utah State Division of Wildlife Resources and provide some of the best fishing in
eastern Utah. The upper reaches of the right
fork provide excellent spawning grounds for

German brown and cutthroat trout, and the
natural channel of the creek provides good habitat for aquatic insects, which contribute to a

a canal by a diversion dam located four
miles northwest of Huntington. This canal empties into North Huntington Reservoir northeast

town

of Huntington. The water stored
used for agricultural purposes in Castle
Valley. Below this diversion dam the stream
flow is greatly reduced but increases slightly as
it gathers drainage waters from the surrounding
land and springs along its course. The water
in this lower portion of Huntington Creek is
greatly affected bv this drainage water and is
generally of low qualit\-.
is

Water discharge

Huntington Creek

fluc-

tuates greatly with the seasons. Discharge

mea-

in

surements have been made at two localities
along the creek. Utah Power and Light Company took readings at the site for Electric Lake
on the right fork just below the mouth of Bear
Canyon. Tlie U.S. Geological Survey took readings at Station 9-318, located seven miles northwest from the town of Huntington and one
mile upstream from Fish Creek. The average
yearly flow for the Electric Lake locality was
30.3 cubic feet per second for the period 1968
to 1971. The average monthly mean reached a
high over this same time period of 159.7 cfs at
spring flood in May and a low of 7.8 cfs in
January. Water flow near the mouth of the canyon (U.S.G.S. Station 9-318) showed a yearly
average of 100 cfs for the years 1966 to' 1971,
with the monthly mean being high in May at
309 cfs and low in January and February at
27 cfs. The six-\'ear high was in May 1969, when
the discharge was 552 cfs. The six-year low was
in Februan- 1966, when the water level dropped
to 18 cfs.
Observations of the creek throughout the
1971-72 study period supported the water flow
data. Heav)- spring runoff began in early April
1971, and reached a peak during May and early
June. A significant drop in water flow was

noted on Juno 29, 1971, followed by a gradual
summer and fall to winter

decline during the

lows in Januarv- and February 1972.

The summer

productive environment for fish. The upper valle\s are also used for summer grazing of cattle

decline in the main creek was less severe than

and sheep.

that of the right fork because the natural drain-

Cleveland, Miller's Flat, Rolfson, and

Him-

age of the main fork was supplemented with
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Fig.

13.

Index

map

of

Huntington Canyon drainage.
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water from the reservoirs on the left fork. The
river was completely frozen by December 1971,
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but an early thaw opened a major part of the
creek channel in February 1972.

DESCRIPTION OF SAMPLING SITES
Sampling

sites

were chosen

variet)- of different ecological

to represent a
niches along the

drainage. Seven sites were estabhshed for quantitative study, which were numbered beginning
at Lawrence and proceeding up
Huntington Canyon to the mouth of Bear Canyon (Fig. 13). Tliis was also the general order
followed during sampling.

downstream

Lawrence
This

site is

(Site 1)

located on Huntington Creek 4.7

miles southeast of Huntington, Emery County,
Utah, and 1.5 miles east of Lawrence, Emery
Countv',

Utah.

It

is

approximately nine miles

below the main diversion dam on Huntington
Creek and was established to monitor effects of
agricultural drainage and increased dissolved
minerals on the algal flora. The actual sampling
site was located in a pasture through which the
creek meandered near the intersection of Huntington Creek and a road leading to the San
Rafael Swell (Fig. 14). The average width of
the creek at this locahty was 22 feet during the
spring flood and 15 feet during low water
periods. Average water depths during the same
periods were 22 and 13 inches, respectively.
This site included slow-flowing deep water and

swifter-flowing shallow

A

providing varied

riffles,

bank characterized the west side of the stream, whereas the
east bank sloped gradually into a pasture. Popualgal habitats.

sharp, eroded

Tamarix pentandra, Chrijsothamnus tmuseosus, and Artemesia tridentata occurred along the banks throughout this area.
The stream bed here consisted mostly of silt and
sand, with small stones in the riffles, and the
water was generally of low quality. In talking
with the rancher who owns the land at this
locality, he mentioned that over the last few
years his cattle will no longer drink the water
from the creek unless they have no other source.
This is probably due to the diversion of the better quality water upstream, and perhaps to the
addition of organic pollutants by Huntington
lus angustifolia,

City.

Highway 10 Bridge

(Site 2)

Tliis site is located four miles upstream
from Lawrence and is 0.3 mile northeast of Huntington on Utah Highway 10 at the crossing of
the creek by the road. Samphng at this site included water chemistry, visible attached algae,
and floristics. It was established to augment the

data collected at site

1

and was

most respects. The bottom was

similar to

silty in

it

in

the slow

areas and rocky in tlie faster water. The average width was 35 feet in the spring and 16 feet
in the summer and winter, and the average
depth was 12 to 18 inches and 5 to 7 inches, respectively, during the same periods. Streamside

lli-1

A-r

vegetation was similar to that of site 1 except
that a large grove of cottonwoods created some

shading effect at

this site.

Plant Site (Site

This site

is

3)

located approximately three miles

above the North Huntington Reservoir diversion
dam about three-fourtlis of a mile downstream
from the Utah Power and Light generating station, at an altitude of 6,.300 feet above sea level.
It is approximately 0.3 mile below the entry
of Deer Creek, which drains the mountains west
of the generating station (Fig. 15). The river
at this location was basically deep and fast flowing, although some swift riffles were present.

^;.A.wJ*Jft

Fig

southeast of Huntington. I'tah. Locality of collecting site 1. Photographed April 28. 1972.
14.

Huntington Creek 47

niileb,

The average depth of the creek at this site was
three feet during the spring flood when it was
25 or more feet wide. In the low flow period.
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Fig. 15.

ing

Utah Power and Light Company Generating
site 3 (C).

Photographed Feb.

7,

1972.

Stntioii.

Deer Creek

(A),

transmission lines

(B),

collect-
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Alg.\e or Huntincion Canyon,

it was usually less than 1.5 feet deep and about
20 feet wide. The bottom was strewn with large
and small stones, and many large boulders protruded from the water. This site often showed

from construction, and pollufrom Deer Creek, which carried coal dust
and other pollutants originating from mines
above the generating station. The water here
was often turbid with suspended sediments, and
the bottom generally showed coal dust deposits.
Terrain surrounding this site included steep
banks on the west side of the stream with a
more gentle incline on the east. Terrestrial vegetation here was dominated by Pinus monophyUa,
Juniperus osteospermum, Arteinesia tridentata.
siltation resulting

Utah

19

with Poptihis angustifolia abundant along the
stream channel. This site was established to
monitor the effects of construction and operation of the generating station on the algal flora
of the creek.

tion

Fig

16
1972.

Bear-Rilda

Campground

(Site 4)

This site is located approximately two miles
above the generating station between Bear
Creek and Rilda Canyons at an elevation of
6,600 feet above sea level (Fig. 16).
The creek at this campground was characterized by a deep-flowing chamiel, a shallow riffle, and a deep pool, thus providing a variety of

Huntington Canvon above Bear Creek Canyon (A) showing collecting

site

4 (B). Photographed Feb.

7,

Bbicham Young University
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Tlio stream here was bordered by a
broad flood plain and averaged about 2 feet
deep and 55 feet wide at spring flood. During
low water the riffle area became exposed when
the current was limited to a narrow channel.
The average width during this period was 11
feet and the depth 1 foot. The pool at this site
collected sediment and exliibited a deep accumulation of silt. The bottom over much of the rest
habitats.

was cov)
and
were abun-

of the stream, especially in the

riffle,

ered with small stones. Willows

(

Salix sp.

cottonwoods ( Populus angtistijolia )
dant on the banks, and a large thicket of Russian Olive (Eleagnus angiistifolia) was present
( Fig.
17 ) Leaves from these trees contributed
to the detritus in the stream during the fall
months, and the trees were responsible for some
shading throughout the year, particularly in the
.

spring and summer.

Tie Fork Pond (Site
This site
the

mouth

is

a small shallow

of Tie Fork

Canyon

5)

pond located

at

at 7,300 feet ele-

upstream from the generating
pond is fed by drainage and
seepage from the surrounding hillsides and in
turn drains into Huntington Creek via a culvert.
This site was established to provide infonnation
concerning the composition and seasonal fluctuavation, six miles

station (Fig. 18). Tliis

tions of algal populations characteristic of

some

18.
Tie Fork Pond just west of the mouth
Fork Canyon. Photographed April 28, 1972.

Fig.

of

Tie

months, and a thick accumulation of organic
from decomposition lined its bottom. The
water level here was high in the spring, became
quite low during the summer, and rose again
in the fall. It was completely frozen from November 1971 to March 1972.

mud

ponds and backwaters occurring along
the creek drainage. Heavy growths of Potomogeten, Cham, and filamentous algae dominated

of the

the vegetation in this

pond during the summer

Stuart Fire Station (Site 6)

This site

is

located on the right fork of

Hun-

tington Creek 1.5 miles below Stuart Fire Sta-

an elevation of 7,700 feet (Fig. 19). The
creek meandered through this portion of the
canyon and was less turbulent than downstream
(Fig. 20). The site included a riffle with small
stones and a deep-flowing channel with larger
rocks providing good habitat for the attachment
tion at

of visible bcnthic algae

and diatoms. The

right

25 to .30 feet in width
and about 1 foot in depth throughout most of
the year. A steep mountain slope covered with
sage, grasses, and spruce rose from the southwest bank, whereas the northeast bank was
lined with willows and gently rose a few feet to
the canyon floor. This was the highest elevation in the canyon that could be reached during
winter months.
fork at this site averaged

Bear Canyon

located on the right fork near
Canyon at the present junction of the Huntington-Fairview Forest Highway with the Miller's Flat road (Fig. 21). The
elevation here is S,4(X) feet. This portion of the

This site

the

Fig.

17.
Huntington Creek
graphed Feb. 7, 1972.

at

collecting site 4. Photo-

(Site 7)

mouth

is

of Bear
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19.

Right Fork of Huntington Creek. Nuck Woodward Canyon is at the right center of the photograph,
is at A and collecting locality 6 is at B
Photographed Nov. 16, 1970.

Stuart Fire Station
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creek averaged 20 feet wide and less than 2
feet deep throughout the study. The bottom
was sandy in slow areas and covered with small
stones in the riffles. A clay shelf along part of
the channel supported growths of benthic Chlorophyta during much of the growing season.

Stream banks

were

vertical and un10 feet above the
creek valley here is wide

at this site

dercut, rising approximately

stream channel. The

with

grass-covered

low

the mountains. This site

rising gently to
located at the tran-

hills
is

zone between the broad U-shaped valleys
upper drainage and the deep gorges of
the lower canyons. It was added to the previous
six sites in June 1971 to sample the flora of the
upper drainage and for comparison with site 6.
sition

of the

From December to June,
due to snow pack.

this site

was

inacces-

sible

METHODS
Physical and Chemical Measurements

was initiated
and 6; and sites
Measurements were

Physical and chemical sampling

on June

8,

1971, at sites

1, 3, 4, 5,

2 and 7 on August 20, 1971.
taken during each collecting trip until the study
was terminated in March 1972. However, site 7

became inaccessible after November 1971; and
5 was frozen from November to March of

site

the study period.

Temperature. Water temperature was recorded
each sampling station in degrees centigrade.

at

Turbidity was measured using the
colorimeter in a Hach model DR-EL portable
water engineer's laboratory. Turbidity was expressed in Jackson turbidity units (JTU) as a
measure of the intensity of light scattered by
particles suspended in the water.
Turbidity.

Water Chemistry. The
Sargent-Welch

pH

pH was

meter.

All

tested using a
other chemical

were

run

following standard methods
Health Assoc, 1971) using a
Hach Model DR-EL portable water engineer's
laboratory. Tests were run for the levels of dissolved oxygen, carbon dioxide, nitrate, ortho and
meta phosphate, silica, calcium and magnesium
tests

(Amer.

Public

hardness, alkalinity,

The amount

of

and sulfate.
oxygen dissolved

in

the

water was tested in the field, since biochemical
and chemical oxygen demand can alter the dissolved oxygen content of a stored sample. All
other tests were completed in the laboratory
upon returning from the field.

Phytoplankton
Phytoplankton studies were divided into net
plankton and nannoplankton. Traditionally this
division is determined by the ability of nannoplankton to pass through the meshes of bolting
cloth No. 25, which has meshes measuring 0.04
to 0.05-mm square (Ward and Whipple, 1918).
This classification will be altered here so that
nannoplankton will include all diatoms regardless of size, and other algal forms too small to be
adequately sampled with a 0.067-mm mesh
plankton net.

Net Plankton. Net plankton were collected by
40 liters of water through a 67-/im mesh
plankton net. Tlie 4()-liter sample was collected
by scooping an 8-liter bucket of river water
from five randomh' chosen sections at each
sampling site. Tlie concentrated sample was
filtering

collected in a .30-ml vial attached to the net.

Care was taken to wash the net witli filtered
water to remove anv organisms that might cling
to it. The vials were transported to the laboratory where net plankton were examined and
enumerated. Since it was possible to count net
plankton soon after returning to the laboratory,
preservatives were not used on these algae.

Fig.

20.

View down the Right Fork

Creek from collecting
28,

1972.

site

6.

of Huntington
Photographed April

(Clark,
Tlie 40-liter quantitative sample
1958) is similar to the plankton pump method
described by Ward and Whipple (1918). This
method is superior to plankton net tows used
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Fig.

21.

dam
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Right Fork of Huntington Canyon at junction with Bear Canyon (A). Collecting site 7
Lake is at C and North Hughes Canyon is at D. Photographed Nov. 16, 1970.

of Electric
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is

at B, the
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by Kofoid

(1908),

Allen

known volume

(1920), and others,

and
the chance of error from an uncertain amount
since a

of water

is

filtered

of water passing through the plankton net

is

allows for higher magnification and resolution
necessary to identify and count nannoplankton
genera.

All

counts were

nannoplankton

made

at 400x.

An

observations and
ocular micrometer

and many different
counting procedures have been adapted to it.
The counting method used for this study was
After thoroughly
adapted from Weber
1970

was used to measure a 0.25-mm width on the
Palmer slide, and the algae encountered in four
transects of this width were counted across the
diameter of the slide. From the four counts, an
average count per transect was then computed.
In most cases a new aliquot was used for each
count, and the samples were always thoroughly
mixed before the alicjuot was taken to maximize

the 30-ml vial of concentrated river
a 1-ml aliquot was pipetted into the

the chances for uniform distribution of the suspended organisms.

eliminated.

Enumeration

of net plankton

a Sedgwick-Rafter counting
cell

commonly used

is

foid,

1908;

Allen,

water,

cell.

This counting

for plankton studies

(Ko-

1920),

(

mixing

was done using

)

.

The sample was counted
under the microscope. An
ocular micrometer was used to measure a width
of 1 mm on the slide, and two or more longitudinal transects across the slide were made.
Algae encountered during these transects were
identified, and the number of occurrences of
each genus or species was recorded. From the
total, an average number of organisms per single
50-mm transect was calculated, and from this,
the number of organisms per liter of river water
was determined.
Occasionally, it was necessary- to modifv
these procedures slightly. During the summer
months the density of net plankton at site 5
(Tie Fork Pond) required dilution of the 30-ml
concentrate. In September and October the
sample size at Tie Fork Pond was reduced from
40 liters to 24 liters in order to reduce algal density in the sample. Because of low frequency and
low total number of organisms, samples taken
during the winter months were concentrated by
centrifugation to 5 or 10 ml to increase sensitivity during counting.
Sedgwick-Rafter

cell.

at 100 magnifications

Nannoplankton. Nannoplankton were collected
by obtaining 1 liter of river water from each of
four randomly chosen sections at each site. This
sample was placed in a gallon container and returned

to

the

laboratoiy.

sample were then suction
membrane filter with a pore
filtering process

Two

liters

filtered

of

this

through a

size of 1.2-,"m. This

all phvtoplankton and
suspended matter from the
were cleaned using distilled

removed

much

(>xtrancous

water.

The

filters

water, and the resulting suspension centrifuged.
The excess water was carefully decanted, and

the pellet was resuspended in 5 ml of standard
formalin-alcohol-acetic acid (FAA) to preserve
it or in 5 ml of distilled water, if counting was

done immediately.
Nannoplankton were counted using a Palmer nannoplankton counting slide (Palmer and
Maloney, 1954). This slide is designed for use
with high power dr\' microscope objectives and

Furthermore, averaging the number of algae
c^ncounterc^d

in

four

transects

increased

the

probability of obtaining an accurate representaof algae actually found in the river and
reduced abnormal values due to clumping. The
number of algae encountered in each transect
was tallic^d separately as a check on the precision of the counts, and, in most cases, relatively
little variation occurred between the four counts.

tion

As mentioned previoush'. all diatoms were included in these nannoplankton investigations,
as well as algal forms too small to be adequately
retained in the plankton net. Since the original
sample was taken directly from the river, net
plankton forms were encountered during nannoplankton enumeration. These were not included
in the nannoplankton computations, although
they did provide a check on net plankton studies.
Turbidity was a noteworthy problem during
investigations since most suspended particles were retained by the filters.
Silt and sand particles, which were especially

nannoplankton

prevalent during the spring lainoff, often obscured the algal specimens and made it necessary to dilute samples to 10 ml, 15 ml, or 20 ml.
In rare eases, higher dilutions were necessar)'.

Pemianc^nt diatom slides were made from the
nannoplankton samples from September 1971 to
March 1972 so that a permanent record of the

be available. Methods
by Weber (1970) and
Patrick et al. (1954) to count diatoms and characterize diatom floras from prepared slides. Such
studies may be undertaken at a future date, and
the slides are also valuable to compare with
future collections. All diatoms were mounted in
Pleurax (Hanna, 1949). This mounting medium
has a very high index of refraction (1.770) and
plankton

flora

have been

would

described

greatly facilitates resolution.

Periphyton

Sampling of the periphxton community has
received the attention of many workers in recent

)
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and many variations in sampling methods
have been attempted. Sladeckova (1962) summarized techniques ajid materials developed in
periphyton work. Recent trends have been to
years,

submerge

substrates at study sites to
obtain both a qualitative and quantitative conartificial

cept of periphyton communities from studying
the algae that become attached to these substrates. Materials such as wood, slate, concrete,
asbestos, asbestos cement, various sheet metals,
plastics, celluloid, st\'rofoam, and glass have
been used. However, smooth glass is most widely used and has given accurate
results. Patrick
et al. (1954) found that by using glass slides
for sampling periphyton they were able to
sample 75% to 85% of all species obtained by
other collections, and 95% of those species with
more than eight individuals per sample. Dor
compared glass slides with basalt and
( 1970 )

limestone substrates in Lake Tiberia in Israel
and found that production on slides was 73%
of that produced on natural substrates. Odum
(1957) found that succession of algae on glass
slides was similar to that on Sagittaria plants.
In general, Whitf ord and Schumacher
1963
found that colonization on glass slides was similar to that of rock substrates, although it was
somewhat different from colonization observed
on hving plants.
Under certain conditions, glass may be surpassed by styrofoam as a colonization substrate
for periphvton, especiallv diatoms. Holm and
Hellerman'(1963) found that at 16° and 25°C,

and

low in tlie summer and fall. In
the stream and canyon are heavily
used by campers, picnickers, and fishermen; and

both substrates gave reprcsentarive colonies; but
3°C, diatom species diversity on the glass was
reduced as much as 40% while the sts'rofoam
continued to support a representative flora.
However, Dillard (1966) reported glass to have
higher diatom populations at both high and low

a periphyton sampling device such as described
above is impractical.

Consideration has also been given to the
length of time the slides should be left in the
water. Patrick et al. (1954) found two weeks to

be optimum, since by that time diatom diverhad been established and longer periods
had been allowed for excessive silt and debris

sity

deposition. Newcombe (1949), on the other
hand, suggested 25 days to be the optimum
time period. Patrick et al. (1954) found that
the accumulation of debris and other organisms
on the slides over a long time period made them
less favorable for diatom growth, and the more

adapted species actually crowded others out.
However, a longer time period allows dominant
species to become well established on tlie slides,
and this may actually be an advantage in aiding an understanding of relationships between
periphyton and the periphyton-influenced plankton assemblages.

The means

many

of

attaching slides to the sub-

also resulted in the

devices. Butcher (1932),

development of

who

did a pio-

neer river study using glass slides to sample
periphvton, used a frame attached to tlie river
bed to support his slides. Patrick ct al. (1954)
developed a special apparatus for holding slides
in the water which they called the Catherwood
diatometer. This apparatus consists of a plastic
rack with attached floats so that

pended

at

it

can be sus-

desired depths in the water. Slides
which allows

are placed vertically in the rack,

diatoms to colonize the slides and concurrently
reduces silt deposition. Weber and Raschke
(1970) described a similar apparatiis with styrofoam floats as a standard periphyton sampler
for pollution surveillance. In

the

current

Newcombe
of vertical

is

Huntington Creek

extremely swift

during runoff

(1949) discussed the advantages

placement of the

slides versus horizontal placement, claiming the latter to be best
since production was higher and the results
were more reproducible. However, Hohn and

Hellerman ( 1963 ) reported no appreciable difference due to slide placement, and since silt
accumulation on horizontal slides presents a
problem, vertical placement is often used. Periphvton slides in the present study were oriented
both horizontally and vertically, and no appreciable difference in silt accumulation or diatom
populations was observed.
Periphyton
studv
Whitford and
3" microscope
of copper or
present

temperatures.
strate has

quite

addition,

(

at

25

electrician's
in

the river

sampling techniques used in the
were similar to those used by
Schumacher (1963). Clean 1" x

were fastened to a length
wire by means of
tape. The slides were then secured
bv fastening the wire to submerged
slides

stainless steel

sticks, large stones, or

other convenient objects.

Generally, the slides were allowed to drift freeIv in the current. Four slides were placed in the

water at each site monthly and retrieved the following month. Both sides of the slides were
cleaned with distilled water in the laboratory,
and the attached algae were preserved in 10 ml
of FFA until counting could be done. Samples
were counted using a Palmer counting slide, and
procedures similar to those used in counting
nannoplankton were followed, except that all
algal forms encountered were identified and recorded.
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In computing the algal totals, an average
of individuals per transect across the
Palmer slide was made from four individual

number

Periphyton were computed in number
per cm-. This counting method was used because
it is the most precise commonly used method
(Sladeckova, 1962) and it correlated with the
nannoplankton procedures, thus allowing the
establishment of accurate relationships between
periphyton and plankton assemblages.
Difficult)' was often encountered due to excessive silt deposition on the slide, which apparently was entrapped by mucilage secreted by
the algae. Dilutions beyond 10 ml were often
necessary for accurate counting, although dilutions were kept as low as possible.
Data presented from periphyton studies were
obtained from counts on slides taken as much
as possible from one specific location at each
site. These data characterize the general periphyton flora of the area but certainly are not
representative of every available ecological concounts.

Slides submerged at site 1 were suspended in slow, evenly flowing water. Those at
site 3 were in deep fast-flowing water. Shdes
from site 4 were in a deep hole where the water
was quiet and in a shallow riffle. Slides from
site 6 were in a shallow riffle, and slides from
the pond (site 5) were submerged just below
dition.

the water surface in

still

water.

were taken
and 2 slow water

each study

sects of a riffle

at

At

also supported sig-

sites

1

site.

nificant algal growths. Transects were run in
these slow water areas as well as in riffles at

these sites, and the results were averaged to
give a figure representative of the site as a
whole.
From data gathered it was possible to calculate cover, composition, and frequency of each
genus on the stream substrate. The frequency
percent for each genus was obtained by dividing
the total number of quadrats in the transect into
those quadrats in which each genus occurred.
The cover percent for each genus was determined by assigning coverage classes (Daubenmire, 1968) to the estimation of each genus recorded in the field and then averaging the midpoints of these coverage classes. From the cover
percentage, the percent composition of the total
communitv represented bv each genus was determined bv dividing the total cover into the
cover of each genus and multiplying by 100.
This method of estimating cover in each
quadrat gave more accurate information than
Blum's (1957) method of onlv recording the
presence or absence of a species beneath the
plots.

Where the water was deep and swift, this
sampling method was not applicable. Turbid
waters also hindered its use, altliough a glass jar
submerged in the water enhanced visibility.

Visible Benthic Algae
Floristic

Visible benthic algae, including such forms

Cladophora, Chara, and Hydrurus were
sampled following the methods of Blum (1957)
and Dillard (1966), combining quadrat and
line transect methods for studying plant comTransects were chosen across the
munities.

as

stream at right angles to the current flow in
areas displaying average growth conditions. The
percent coverage of the substrate by each genus
encountered was estimated in alternating 10-cm
by 25-cm plots along this transect. Macroscopic
benthic algae were always most abundant in
riffles,

and so one or more representative

tran-

Sampling

Samples were taken from rocks, twigs, sand,
and macroscopic vegetation at fourteen sites
along the creek. Seven of these sites corresponded
with the seven quantitative sites; and the other
sites represented ponds, backwaters and other
areas where algae were found growing. Floristic
sampling began in October 1970 and continued
throughout the study. Tlie algae

in

these samples

were identified to species in the laborator)-.
Samples of man\- filamentous algae were preserved in FAA solution, and pennanent diatom
slides were made.

RESULTS AND DISCUSSION
Each

site in this

The

site was studied with the view in mind to
characterize the complete alga! communitv' and

glomerata,

each

ecological parameters found under each set of
conditions.

The

following discussion therefore

treats the algolog\'

the studv area.

Lawrence (Site 1)
Lawrence is dominated by

study was chosen to repre-

sent a unique ecological habitat. Consequently,

and

ecology' of each site of

algal flora at

Cladophora
and Chara vulgaris
and bv many diatom genera. Cladophora glomerata was first recorded from floristic samples
in April 1971. B\- Ma\- it was prevalent among
the rocks on the stream bottom (Fig. 22). The
macroscopic

species

Oedogonhim

including
sp.

BioLocicAi. Series, Vol. 18, No. 2

Alg.^e of

Huntington Canyon, Utai

iignnl

Fig.

Cladophora glomerata attached to a stone at
This photograph was taken in the spring
when Cladophora began to be prominent in the flora,
and the alga is approximately one half as long as
Photographed April 28, 1972.
it is at maturity.
22.

site

2.

quantitative sample in June

first

showed

this

alga to cover 35% of the stream bottom in riffle

The second sample

June showed a peak
development of C. glomerata when it covered
43% of the riffle substrate occurring as long deep
green streamers from the stones.
areas.

in

C. glomerata declined sharply through July
and hx the end of the month was represented

mostly by stubb)- basal portions of the plant.
These fragments have the ability to regenerate
(Fritsch, 1906), and many began to do so in
September, causing this species to reappear significantly in the flora. However, the fall growth
consisted only of heavily encrusted compact
mats which lacked the long luxuriant streamers
charactt'ristic of spring growth.
Tliis cycle of

ment

at

Cladophora glomerata develop-

Lawrence supports the assumption

of

Blum

(1956) that this alga is sensitive to
temperatures approaching 25°C and does very
poorl\- at higher temperatures. The water temperature at this site on June 29, 1971 was 15°C
in earl\-

morning and approached 25°C by

late

afternoon. Temperatures through July, August
and early September likewise approached 25°C
for at least portions of the day.

Cladophora glomerata beds at Lawrence
provided excellent habitat for development of
other organisms. Consequently, they were often
full of insects

and epiphytic

algae.

The peak

biological activity of the stream could thus

of
al-

27

most be said to parallel the peak of Cladophora
development.
Mats of Oedogonium sp. also formed long
green streamers intermingled with Cladophora
glomerata. This alga could be recognized since
the mats were generally formed nearer the water
surface and their color was yellow green as opposed to the deep green of Cladophora. The
pattern of development of this genus at Lav^'rence was similar to that of C. glomerata. Oedogonium sp. appeared in April and reached a
peak of development in June. By July Oedogonium sp. was not evident as a visible alga although small filaments were found to colonize
glass slides throughout the year and were found
in the net plankton until November.
Mats of Chara vulgaris began developing in
(\arly summer when the water level declined
and the water temperature rose. By October C.
vulgaris dominated the aquatic vegetation covering 64% of the total substrate. C. vulgaris occurred in greatest abundance in slow-flowing
water, where it reached 85% cover in October.
Riffles averaged only 54% Chara cover at the
same time. The water level was extremely low
during this period, and C. vulgaris mats literally
filled much of the creek channel. By November
the plants forming these large mats had begun

to die and decompose, and walking through
them stirred up a black organic ooze and large
amounts of entrapped silt. Visible films of epiph\'tic diatoms covered the upper filaments of
C. vulgaris. These diatoms consisted mostly of
Achnanthes minutissima and Sijnedra ulna. Similar to the Cladophora glomerata mats, Chara
vulgaris beds were the site of a great deal of

biological activity.

In December and January extensive decomposition of C. vulgaris occurred under the ice

cover and the stream bed became very murky
with silt and decomposition products. The water
was significantly influenced by decomposition
during this period. Due to high biological oxygen
demand, dissolved oxygen levels during November, December and January fell to 6, 3 and 8
ppm, respectively, from the usual average of
9-10 ppm. Carbon dioxide levels rose concurrently from averages of 2-4 ppm to 6, 24, and
16 ppm for the same three months. The higher
CO2 levels also lowered the pH slightly through
this period. It is interesting that a significant
of Chara vulgaris remained viable
through the winter months, indicating that sufficient light penetrated the ice and snow to allow photosynthesis and also indicating that C.

amount

vulgaris

is

quite resistant to low temperatures.

broke in February 1972 due to an
thaw,
and the large mats of Chara had
early

The

ice
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entrapped large amounts of silt. The bottom
was black and murky, and the water was extremely turbid from silt stirred up from the

With the rise of the spring flood in
March, turbidity became so intense that visibility
through the water was reduced to zero as higher
and faster water began scouring the stream
channel and washing silt deposits downstream.
During late summer and early fall, a prostrate, often encrusted alga became quite evi-

substrate.

dent on smaller stones of the stream bottom.
This alga was very difficult to identify accurately due to its growth form, but was suspected
to be Trotoderma viride since this alga was prevalent
ber.

on periphyton
P.

slides collected in

viride appears

to

Septem-

wann water,
summer then dis-

prefer

it first appeared in the
appeared as the waters cooled in the fall.
The vascular plant, Potomogeton sp. was included in the sampling at Lawrence since it
was an important aquatic plant throughout
much of the growing season. Interestingly, few
epiphytic diatoms were found growing on living
Potomogeton sp. plants as contrasted to Oedogoniurn sp. and CladopJiora glomerata which
supported large popularions of attached diatoms.

since

Hynes (1970) indicated that some
aquatic plants such as Potomogeton

species

of

pectinattis

support a poorlv developed periphyton assemblage while living, and apparently this holds
true for the Potomogeton at Lawrence.

Potomogeton sp. first appeared in early July
and bv late July constituted an important part
of the total flora. Small amounts remained present throughout the winter and were still present
when the ice broke in February. Most Potomogeton plants lasting through the winter were removed by scouring during spring high water.
Net plankton pulses showed a definite correlation with the appearance and development
of Oedogonium sp. and Cladophora glomerata
(Fig. 2.3). C. glomerata fragments were a major
component of net plankton samples during late
spring and early summer but disappeared in
Julv and August. Oedogonium sp. appeared in
the net samples in Mav, reached a peak in June
when it was also most abundant as a visible
benthic form, and fell off shaq^ly in July. Total
net plankton occurrence followed much the same
curve as Cladopliora glomerata and Oedogonium sp., being highest in the spring and ver)'
low throughout the summer and fall. Net plankton at Lawrence increased significantly in February and March 1972 because of the growth
of Vlothrix tenerrima on the substrate during
Periphyton slides retrieved in
likewise had populations
of U. tenerrima growing on them. Blum (1957)
winter months.

December and March

noted a similar winter growth of Ulothrix
through tlie late winter months in the Saline
River Michigan.
Although the Lawrence site is located low
on the creek drainage, few true planktonic algae were collected. Clark ( 1958 ) likewise found
the lower Logan River, Utah, to be low in
true phytoplankton. Kofoid (1903) and Whitford and Schumacher (1963) discussed the development of euplankton in rivers and concluded that the water in a stream must be several weeks old before a true river plankton will
develop. Thus, the water in Huntington Creek
probably takes much less time than this to pass
from its origin into the San Rafael River.
Infonnarion on diatom populations in this
study came from periphyton and nannoplankton
,

investigarions.

A

strong vernal increase in peri-

phyton was evident in April and early May followed by a summer low and a general increase
from September through December. Winter lows
occurred from January to March and fewer
total organisms were present during this time
than in the summer. This yearly trend was basically fomied by the genera Navicula, Sijnedra,
Diatoma, Cymbella and Surirella (Fig 24).

Gomphonema likewise followed this general
trend except for a significant increase in September and October. This September-October
Gomphonema pulse was caused by rapid increase of G. gracile. G. olivaceum, on the other
hand, was more important in the fall and especially in the winter.
Nitzscliia (mostly N. palea) was an important component of the periphyton in early June
(30% of the total periphyton). It decreased
through the summer until October, when a significant pulse occurred. It then declined again
through the winter months. Whitford and Schumacher ( 1963 ) classified periphyton into late
spring-early

fall

species

and early spring-late

fall

species. This classification followed their obser-

vation

that

early
also
fall.

fall

were

diatoms

appearing

in

late

spring

showed

a high colonization rate in
and, likewise, early spring diatoms
present in large numbers in the late

usually also

The data on

Nitzschia palea from Lawrence
is a late spring-early fall

indicate that this taxon

form.

Se\eral diatoms reached theii' peak of development during summer months. Tliese included Cocconeis (mostly C. pediculus in June
and C. placentula in August), Achnanthcs ininutissima, Ct/cloteUa meneghiniana and Pleurosigma delicatulum. Cocconeis constituted approximately 22'/( of tlic periphyton from June to August. Cocconeis placentida was an especially
important epiph\'te throughout most of the sum-
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Total Net Plankton:

1

= 50

algae

29

I

Selected Genera
1

= 25

algae

I

Nov.

Cladophora

Oedogonium

Oscillatoria

Ulothrix
Fig.

23.

Seasonal distribution of selected net plankton at Lawrence

(site 1).

Jan.

Mar.
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Total

Periphyton:

1

= 10

algae

m

Selected Genera: 1=5 algae ml

May

June

Aug.

Oct.

Navlcula

Nitzschla

Coccone/s
Fig.

24.

Seasonal

distribution

of

selected

periphvtoii at I.jiwrenre (site 1).

Dec.

.
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it was not uncommon to collect a filamentous green alga covered with hundreds of
specimens of this species. Pleurosigma delicatulum was most prevalent in JulyDuring the August-October period, Achnanthes minutissinui comprised about 36% of the
periphyton. However, this species was absent
from the periphyton in October, indicating that

mer, and

decreased

colonization

sharply

during

that

period.

Cyclotella meneghiniana was the only cendiatom prevalent in Huntington Creek. It
showed a peak of development in the summer
tric

from July

to

September with a maximum

in

August.

Nannoplankton

in

Huntington Creek

at

Law-

rence were high throughout most of the year.
The higher nutrient levels in the creek here, and
the availability of filamentous green algae as a
substrate for diatom growth contributed to the
continuously high levels. Some diatom genera,
such as Gyrosigma, Cocconeis, Cyclotella, and
Achnanthes appeared in high numbers in the
nannoplankton beginning in July 1971 when
spring and fall genera such as Navicula, SuTirella, and Synedra became quite low
( Fig.
25 )
These latter genera increased again greatly in
late fall when most of the dominant summer
genera declined in numbers. A low point for the
season in total nannoplankton was reached in
October. However, a large pulse occurred in
November composed mostly of Synedra ulna,
which comprised 41? of the total nannoplankton.
Synedra also actively colonized glass slides during this month, and it grew so profusely on

d\ing Chara vulgaris mats that a brown film
was visible on each Chara plant.
From Januarv to March 1972 a scouring of
the stream channel occurred as the early runoff waters riled the silt and decomposition products built up during the fall and earlv winter
season. This scouring process also scoured many
of the prevalent winter and spring diatoms from
the substrate and from among accumulated
plant material, causing extremelv high numbers
of these diatoms to occur in the nannoplankton.
Thus, nannoplankton in Februars and March
exceeded 2 million cells per liter. Important
genera during this period included Synedra,
Cymhella, Surirella and Navicula. Nannoplankton levels were also high in April and May 1971,
which was probably caused by renewed colonization following spring scouring.

The

flora at

LawTcnce

differed significantly

from that of the sites in Huntington Canyon, especially in the growth of Oedogonium sp., Cladophora glomerata. and Chara vulgaris, and the
absence of Hydrurtis foetidus on the stream bed.

Utah
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The general plankton pattern

at this site

was

similar to that of other sites consisting mostly of

diatoms. However, the diatom communities here
were much different in structure from those
of other sites since Cocconeis ( mostly C. placentula), Cyclotella meneghiniana, Pleurosigma delicatulum, and Gyrosigma spencerii were present

much greater numbers, while Cymbella spp.
were greatly reduced.
To summarize seasonal community variations
at Lawrence, Cladophora glomerata and Oedogonium sp. dominated the flora in late spring
and early summer, with diatoms such as Navicula, Cymbella, Synedra, and Surirella occurring
in high numbers on stones and macroscopic algae. Chara vulgaris dominated the stream bottom from summer through fall and occurred
with Protoderma viride, Cocconeis spp., Achruinthes minutissima, and Cyclotella meneghiniana.
Late summer and early fall allowed maximum
development of Gomphonema gracile and Nitzsin

chia (mostly N. palea), while the late

vironment

stimulated

another

fall

en-

diatom
assemblages

general

pulse.
Net and nannoplankton
were derived largely from cells and filament
fragments released from the substrate, and true
planktonic algae were rare in the flora.

Highway

10 Bridge (Site 2)

Water chemistry and visible attached algal
data from this site correlated closely with that
from Lawrence and consequently differed from
data collected upstream in the canyon. The
water at sites 1 and 2 had significantly higher
levels of nitrates, phosphates, alkalinity, and especially hardness, silica, and sulfate than the
water at site 3, which is the first site located in
Huntington Canyon (Table

The same

1).

table illustrates that the levels of

these chemicals in the water at Lawrence are
generally higher than at Highway 10. This is
because as the creek leaves the canyon it passes
soils which are extremely
In addition, the creek here
drains both fanning and grazing lands which are
responsible for the addition of nitrates and phosphates, and passes near Huntington City which

through strata and
rich in carbonates.

Chemical Data
cember 17, 1971.

Table

1

.

for

Huntington Creek, De-
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Total

Nannoplankton: 1=100 olgoe ml

Selected Genero: l:=25 olgae ml

Apr.

June

July

Sept.

Nov.

Nitzschla

'Occoneis

Fip.

i'l,

Seasoiml

distrihutiim

of

•^^lp(to<l

iiHiuinplniik ton

at

T.awrenrp

(site

1).

Jon.
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adds nutrients. Due to the removal
of water for irrigation and storage above these
likely also

tsvo
sites

localities,
1

the

creek

is

generally

and 2 and thus the addition

low at
of these

nutrients has a profound effect on water quahty.

The

algal

community

lar to that of site 1

in

resemble that reported
Saline River, Michigan,

at site 2

was very

simi-

many aspects, and both
by Blum 1957 ) for the
(

and appear

to

be

typi-

highly calcareous streams in general.
CladopJwra glotiwrata at Highway 10 demonstrated a late spring-early summer development.
This species was prevalent here throughout May
and June 1971, covering 25% of the riffle subcal

of

June and 57% by late June. By
glomerata had apparently stopped
growing, but mats of it were still evident attached to stones and streaming in the current.
strate in early
July,

C.

Chara vulgaris appeared in July 1971 and
became prevalent in August. This alga was
found mostly in slower water rather than in
riffles, indicating that the replacement of Cladophora by Chara in the flora was not a result of
direct competition but rather represented seasonal change. Transects to measure visible benthic algae were run in both riffles and slow
water at this site, and the results were averaged to characterize overall trends. However,
a comparison of the data summarized from each
area (Table 2) illustrates some interesting habitat preferences for these two species. Cladophora
glomerata prefers riffles with fast water and a
ston\' substrate, whereas Chara vulgaris prefers
slow water and a silty substrate.
Chara persisted through the fall and into
the winter under the ice cover. However, it did
not form the extensive mats which were present
at Lawrence since the creek channel was much
shallower here and the water faster. As the
water level fell late in the season, much of the
Chara on the creek margins dried from t^xposure. When the ice melted in February 1972,
Chara was completely gone from the riffles but
still covered 13% of the stream bed in slower
areas. However, during the high runoff in March
Table 2. July-November 1971 averages of the frequency, percent cover and percent composition for
Cladophora and Chara in a riffle and in a slow
water area at Highway 10 (Site 2).

33

BmcHAM Young

34

the peak of production for this species in Huntington Creek upstream from the plant site
(Fig. 26). Most specimens observed in the net
plankton were damaged, indicating that they

undoubtedly originated some distance upstream
from where they were collected. H. foetidus
showed a definite downward trend in productivity as the water temperature increased toward 12°C which Zhadin (1961) indicated as
the critical temperature for this alga.
Filamentous blue green algae were also especially important in the net plankton from the
spring through the summer and into the fall.
These algae in Huntington Creek consisted of
Schizothrix JTagUe, OsciUatoria spp. and other
genera of the family Oscillatoriaceae. They usually occurred mixed with diatoms, silt and debris

on stones and other solid subon tlie creek bottom. Single filaments or
clumps of filaments were released into the
creek current and were second only to diatoms
as a contributor to the total plankton of lower
Huntington Creek in the spring and summer.

as encrustations

strate

University Science Bulletin

some

vation indicated that

species of Chloro-

phyta were present on the stream bottom. Ulothrix tenuissima was most significant in June
1971 and again in March 1972. Oedogonium sp.
occurred throughout most of the summer, and
Cladophora glomerata appeared in early summer and again in early fall. This suggests that
the approximate temperature preferences for
these algae are: Ulotlirix tenuissima around
10°C; Cladophora glomerata close to 15°C; and

Oedogonium

sp.

15°C and

higher.

Spirogijra sp., Zijgnema sp.,

and Mougeotia

filaments occurred in the net plankton in
low amounts in the summer and early fall. These
filaments probably originated from quiet side

sp.,

waters or ponds upstream from the plant site.
A few true planktonic algae were noted in
the net plankton during the summer months.
The most significant of these were Pandorina
morum which occurred from late June to October and Ceratiiim hirundinella which was col-

November

lected from August to

(

Fig.

26 ) The
.

source of these algae was likely from lentic environments which drain into Huntington Creek
above the plant site. Cleveland, Miller's Flat,
Rolfson, and Huntington reservoirs on the upper drainage of the left fork of Huntington
Creek were the probable sources of these euplankters. In addition, these algae may have
originated in part from pools, ponds and quiet
waters along the creek. The cycle of develop-

Periphyton data indicate that blue green algae were most active in colonizing the substrate
from late June to October. Floristic samples
taken each month revealed that the greatest
abundance and diversity of filamentous blue
green algae occurred in the summer and early
fall. By September a considerable accumulation
of blue green algae, diatoms and sediment had
accumulated on the stony substrate of the creek.
In October 1971 a definite resistant blue green
algal encrustation had developed beneath this
accumulation, and in November it was easily
scraped free. Periphyton data indicate that no
cyanophyte colonization occurred during November, which suggests that the onset of winter

prevalent in the pond from July to October,
reaching a peak in number in September. This
trend correlated with the highest number in the
river, both at the plant site and upstream at
site 4. Floristic samples taken from Cleveland

made

and

conditions unsuitable for these algae.
for the fall months correlate very well with periphyton results. In
September small clumps of blue green algae

Net plankton data

began appearing in the net plankton in significant numbers and by November they comprised
70f of all net plankton indicating that these algae were being readily released from the subColonization began again during the
strate.
January-March 1971 period when an active
growth of OsciUatoria amphibia and O. agardhii
was noted both under the ice and in open water
after the thaw. Tliis recolonization trend was
mostly determined from floristic samples taken
one to two mik^ above and Ix-low the plant
site where OsciUatoria spp. were especially abimdant.

Green algae occurred

onl\- sporadically on
sampling slides at the plant site.
However, net plankton data and visual obser-

periphyton

ment of Pandorina morum in Tie Fork Pond
substantiates this assumption since this alga was

Miller's Flat reservoirs in Julv showed Pandorina morum to be present there also, but the
presence of this alga in right fork plankton
samples discourages the conclusion that these
reservoirs are its only source into the creek.
Ceratium hirundinella is suspected to originate almost entirely in the reservoirs on the left
fork of Huntington Creek. Tliis species has been
reported as a dominant summer plankter from

other reservoirs in Utah (Chatwin, 1956; Longlev, 1969) with large pulses generally occurring
in August and September, which were the
months of maximum Ceratium hirundinella

abundance in Huntington Creek. These were
also the months of m;iximum water release from
the storage reservoirs on the left fork to provide
irrigation water for Castle Valley. Many C. hirundinella cells in the plankton were broken,

suggesting

that

they

downstream from the

had

been

reservoirs.

transported

l^KM.iicirM, Skhiks,

\'()i..

18.

Total

\'().

2

Ai.cak ok Hunting

Net Plonkton:

ii-n'

1

June

July

= 100

Nov.

Sept.

Hydrurus

Osclllatoria
Fig. 26.

Seasonal distribution of selected net plankton

at
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olgae

1=50 algae

Selected Genera:

Apr.

C)\n\()N, Uiaii

the plant site (site 3).

I

Jan.

Mar.
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Nannoplankton

samples taken during the
1971 contained three other true
planktonic algae, Dinobrijon cijlindricum and the
diatoms Asterionella formosa and Fragihria crotonensis. These algae were likely also released
into the creek from the storage reservoirs. Longley ( 1969 ) reported Dinobryon to be the dominant phytoplankter in Flaming Gorge Reservoir,
Utah, during June and July. Daily ( 1938 ) indicated that Dinobryon was present in Lake
Michigan during most months of the year but
that it demonstrated a strong peak of development in July and a lesser peak in November.
Pratt ( 1957 ) likewise found a similar cycle in
Salem Lake, Utah County, Utah, where Dinobryon showed a summer pulse from late June
to mid September and another pulse from midOctober to mid-November. Dinobryon cyUndri-

summer

of

cum was

present in Huntington Creek from
June through November, with July and
October being peak months. Maximum development of this alga in Huntington Creek correlated with water release from the left fork reserearly

Idaho where Henry's Lake drains into
the north fork of the Snake River. Blooms of
Asterionella formosa occurred in Henry's Lake
in June and October 1971, and this alga was
found in the river plankton for 35 miles below
this lake during the time of the bloom. A. formosa density was 815,200 colonies per liter at
the Lake's outlet and decreased to 32,600 colonies per liter 35 miles downstream from the lake
tion in

due

to the effects of the river current.

A

similar reduction in colony

number would

be expected in Huntington Creek from the reservoirs on the left fork downstream to the plant
site, which represents a distance of approximately 18 miles. Onlv moderate currents are sufficient to cause such a reduction (Allen, 1920)
and turbulent cunents can often cause extreme
reduction in euplankton. For instance, Galstoff
reported a 40% reduction in plankton
1924
during an eight-hour passage of the water of
tlie Mississippi River through the Rock Island
(

)

Rapids.

Many

of

the Asterionelln formosa colonies

were

voirs.

collected in the plankton at the plant site

Asterionella formosa appears to prefer colder
Longley
water conditions thim Dinobryon.

fragmented, which Brinley (1950) cited as an
evidence that they originated in a lentic environment and were not natural stream inhabitors.
Fragilaria crotonensis was another euplanktonic diatom present in the nannoplankton at
site 3. Clark (per. comm.) mentioned that Fragilaria crotonensis was abundant in Island Park
Reservoir, Idaho, in October 1971. Likewise,
Daily (1938) indicated this species as a dominant fonn from October to December in Lake
Michigan, and Longley (1969) observed the
same trend in Flaming Gorge, Utah. Fragilaria
crotonensis was prevalent at the plant site
from September to November, with a large peak
in October when its density reached 80,620
colonies per liter. The source of these algae was
likely the reservoirs on the left fork.
Other diatoms in the creek were produced
largely on the substrate and subsequently released into the current. Thus, understanding
trends in periphyton is essential to understanding algal trends in the stream as a whole. Periphyton data demonstrated a rather smooth
seasonal colonization curve of diatom development on the substrate. A gradual increase in
colonization rate occurred through the spring
and earl\ summer until July, after which a decline occurred until December. Dominant genera
included Navicttla, Ct/mbella. Gomphonema,
Synedra, Nitzschia, and Achnanthes.
As shown by Table 3, the importance of
these genera on the substrate correlated rather
closely with their importance in the nannoplank-

indicated this species to be important in
( 1969 )
Flaming Gorge Reservoir from September to
May, and Pratt ( 1957 ) found very high amounts
in November and December. Pratt also reported
a small pulse in August only on the bottom of
the pond where the temperature was approximately 14°C. The cycle of Asterionella formosa
in Huntington Creek was intimately associated

with the management of waters of the left fork
reservoirs. These reservoirs are either completely drained or kept at very low levels during
late fall and early winter months and are subsequently filled with runoff waters during the
late winter and early spring. Consequently, no
opportunity exists for the release of euplankton from these reservoirs during this period, explaining why very few euplanktonic species,
especially A. formosa, were found in the creek
during these months. When these reservoirs are
filled in the spring, the overflow enters Huntington Creek carrying with it any plankton
which may have developed in tlie reservoir over
the winter. This was the probable source of A.
formosa in the plankton of Huntington Creek,
since this diatom was highest in the creek in June
1971 (59,490 coloni(>s per liter on June 8, and
30,250 colonies per liter on June 29). It declined
gradually through the summer and then increased slightly in October. Tliis trend was undoubtedly directly txirrelated with the temperature curve in the reservoirs.
Clark (pers. comm. ) studied a similar situa-

ton.
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Percent occurrence of selected genera of periphyton and nannoplankton at plant

5/13

6/29

1971

1971

Navicula
Periphyton

26.4

Nanno

14.7

Cymbella
Periphyton

Nanno
Gomphonema
Periphyton

Nanno
Synedra
Periphyton

Nanno
Nitzschia

Periphyton

Nanno
Achnanthes
Periph3rton

Nanno
Hannaea
Periphyton

Nanno
Diatoma
Periphyton

Nanno
Other Diatoms
Periphyton

Nanno
Nondiatoms
Periphyton

Nanno

7/30
1971

site

(Site 3).

8/20

10/8

11/15

12/17

1971

1971

1971

1971

2/19
1972
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Total Nannoplankton:

Selected Genera:

Apr.

June

July

1

1

= 100

= 50

algae ml

algae ml

Nov.

Sept.

Jan.

Navicula

Cymbella

Gomphonema

Nitzschia

Fig.

28.

Seasonal

distnbiition

of

splortpcf

niiiiiiopl;iiiktoti

at

the plant

sito

(site i).

Mar.
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summer due to certain enviromnental
This conclusion is supported by decreased colonization rates during the nannoplankton pulse.

ditions at site 4 and the effects of construction
and pollution from Deer Creek on site 3.
The creek at site 4 was high from April
to early June 1971 with a definite dechne in

Nitzschia spp. (especially N. palea) were important in the nannoplankton throughout the
study period but demonstrated a peak of occurrence from August to October. The yearly high

water level in late June. Hydrtis foetidus appeared here in May on stones in a broad shallow
riffle and increased to cover 25% of the substrate in early June. By June 29, 1971, this species had disappeared from the visible benthic
algae at site 4, but was still prevalent in the net
plankton indicating that it was carried downstream from higher elevations where it persisted
later in the season. A light film of H. foetidus
appeared on the substrate in February but disappeared in March 1972. High water and probable abrasion from ice breakup upstream contributed to the disappearance of this alga at
sites 3 and 4 during this period.

the late

stimuli.

occurred in August, one month later than the
Nitzschia high at Lawrence and one month earlier than the Nitzschia peak from localities further up the canyon.

Cocconeis placentula and Achnanthes minuwere predominately summer diatoms at

tissima
site

3,

early

and Hannaea arcus was a late springsummer species. Diatoma vulgare and

Gomphonema olivaceum have been

reported by
1957 ) to be important winter colonizers
of bare areas. He found Diatoma vulgare most
abundant in early winter in the SaUne River,
Michigan, and Gomphonema olivaceum most
abundant in late winter and early spring. Periphyton data from the plant site show Diatoma
vulgare to have been most active in colonization
in November 1971. D. vulgare also occurred in
high numbers in the plankton during the fall
and winter months. Gomphonema olivaceum became most important in the periphyton in January-March 1972. The cells and mucilaginous
stalks on which they grow formed an extensive
diatom "ooze" on the entire creek substrate during these months. Nannoplankton data from the
spring of 1971 and the winter of 1972 indicate
that Gomphonema spp. were important in the
flora throughout the winter and spring.

Blum

(

The summer and

early fall diatom ooze

and

blue green algal encrustation noted at the plant
site were even more apparent at site 4 where
the water was shallower, creating more extensive riffles. Algal and sediment buildup began
in July and continued through October, when an
extensive blue green algal crust was evident
under the diatom ooze. In November this crust

began flaking
It is

off.

possible that Protoderma viride or an-

other encrusting green alga was a member of
community. However, filamentous blue
this

green algae were definitely the predominant
constituents since large amounts of blue green

algae were found in the net plankton when the
crust began to break up (Fig. 29). Also floristic
samples from the campground and further up-

In summary, the algal flora at site 3 was
predominately composed of Htjdrurus foetidus
in the spring, filamentous blue green algae in
the summer and diatoms throughout the entire
year. Filamentous algae contributed to the net
plankton of the river and diatoms comprised
nearly the entire nannoplankton. The plankton
at site 3 was also influenced by blooms occurring in Miller's Flat and Cleveland Reservoir
on the headwaters of the left fork of Huntington
Creek. Planktonic algae originating from these
reservoirs included Panclorina morum, Asterionella jormosa and Dinohrijon cijlindricum in the

stream at the junction of the two forks of Hun-

and summer and Ceratium hirundiand Fragilaria crotonensis in the fall.

the high water and abrasion from its increased
silt load usually scoured the stones of much of
their periphyton.

late spring

nclla

Bear-Rilda

Campground

The campground

locality

is

(Site 4)

located

three

miles upstream from site 3 and exhibited a simiHowever, certain noteworthy variations

lar flora.

floras occurred. These differattributed
to different ecological conare
ences

between the two

showed large amounts of Schizoand other filamentous Cyanophyta.
The presence of these algae in Huntington
Creek correlates with the findings of Clark
in the Logan River, Utah, where a blue
( 1958 )
green encrusting mat was also found on the
substrate under the diatom ooze. A new buildup on the substrate was noted in January and
February 1972, but it consisted mostly of diatoms. Filamentous blue green algae were prestington Creek
thrix fragile

ent at that time but not in sufficient quantities
During spring flood,

to create an encrusted mat.

By July, turbulence in the riffle had decreased significantly and many scattered mats
of Oscillatoria cf. tenuis, together with trapped
sediments, occurred on the stream bottom.
These were small mats covering only 6.4% of the
substrate in shallow water although they oc-
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Total

Net Plankton: 1=100 algae

=50 algae

Selected Genera:

Apr.

June

Nov.

Sept.

July

I

I

Jan.

Ulothrix
Fig.
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Season<il
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plankton
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4).

Mar.
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curred in 77% of the plots observed in transects
across the creek.

The mats were gone

in

August

but were evident to a lesser extent again in September.
Similar to other sites along the creek, net
plankton assemblages at site 4 were directly
influenced by the benthic algae. Oscillatoria cf.
agardhi filaments were most abundant in the
net plankton in the spring, although they occurred throughout the year. In September and
November many small clumps of filamentous
Cyanophyta were collected in the net plankton
because of the aforementioned breakup of the
blue green algal encrustation. Ulothrix sp. occurred mostly in May and June, Cladophora
glomerata from June through August, and Oedogonium sp. from May through October. Spiro-

Mougeotia sp., and Zi/gnerna sp. occurred through the summer months, and Stigeoclonium stagnatile appeared in the fall.
The same true planktonic algae occurred in
gijra sp.,

tlie creek at the campground localitv as at the
plant site (Fig. .30). Tliese included Ceratium
hirundinella in August and September 1971,

Pandorina morum in June through October,
Dinobrt/on cylindricum from June to November,
Asterionella formosa from June to December,
with highest numbers in June, and FragiJaria
CTotonensis from October to December, with
highest occurrence in November. Tliese trends

were similar

to those at the plant site.

Periphyton colonization trends were similar
to those of the plant site. A general increase in
periph>'ton was noted through the spring of 1971
until Jul\', followed by a decline to November
1971. Periphyton data were compiled from slides
placed both in a pool and in riffles in order
to compare colonization in the two habitats.
Both areas showed a general decrease in most
genera collected on slides on June 29, 1971, although Achnanthes mimttissima increased greatly. This species increased from 2,928 cells per
cm- on June 8, to 2.3,.532 cells per cm- on June
29, for slides in the riffle, and from 27,298 cells
per cm* on June 8, to 12.3,650 cells per cm- on
June 29, for slides in the pool (Table 4). From
late June to August. Achnanthes (mostly A.
minutissima) was the highest contributor to the
Table

4.

slides

Percent composition of Achnanthes on glass
at the campground, .lune 8-September 16,

6/8

6/29

7/30

8/20

9/15

3.2

28.1

54.6

43.2

(NS)*

12.8

75.8

75.3

14.9

16.0
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benthic diatom flora in terms of number of cells
produced.
Most other diatoms in the periphyton followed the general trend of the total for this
site discussed above. The most important genera
were Navicula, CAjmbella, Gomphonema, Nitzs-

and Sijnedra. Stjnedra (mostly S. ulna) difsomewhat by nearly disappearing during
the wanner months. Diatoma vulgare showed
good growth in November as it did at the plant

chia,

fered

but Gomphonema olivaceum did not show
expected late winter increase. However,
nannoplankton data for G. olivaceum showed
this species to increase in February and May,
which correlated with the conclusion drawn from
site 3 that this genus is a late winter and early
site,

the

spring form.

Hannaea arcus was definitely a late spring
diatom, and Cocconeis placentula a summer diatom, as indicated by the periphyton and substantiated by nannoplankton data. Certain true
plankters were occasionally found on the periphyton sampling slides. These algae became
entrapped there as they floated downstream
and fell out of the water column.
A comparison of data from slides placed in
the pool and the riffle reveals certain differences in colonization in the two habitats. The total
number of periphyton and the number of individuals of most genera were much higher in the
pool. The only exception to this was Cocconeis
placentula, which showed a comparable colonization rate in the riffle to that in the pool. The
reason for the high colonization rate in the pool
was undoubtedly due to reduced removal of
periphyton by the stream current while concurrently allowing sufficient water flow for adequate nutrient and gas exchange for rapid algal
metabolism.
Periphvton composition percentages for the
period May through August 1971 show certain
significant differences between the diatoms of
the pool and the diatoms of the faster water.
The riffle had a higher composition percentage
of Gomphonema (mostlv G. olivaceum) Sijnedra
(mostly S. ulna), Ctjinhella spp., Nitzschia
(mostly N. palea). Cocconeis (mostly C. placentula), Ulothrix sp., and Hijdrurus foetidus
than the pool. Converselv, the pool had a higher
percentage of Navicula spp., Achnanthes minutissima, Diatoma vulgare and Surirella (mostly
,

S.

1971.

Utah

ovata).

From comparing periphyton data with nannoplankton data at site 4 ( Fig. 31 ) it is evident
that high periphyton production in June 1971
caused the high nannoplankton levels of the
same period and slightly later. The turbulence
of high water during this period probably
,

Slides in riffle
Slides in pool

*NS

— No

September.

slide

was

collected

from

the

riffle

in
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Jan.
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Densitj' of

31.

scoured
the

SEPT

JULY

nannoplankton and periphyton

at the

many diatoms from

current.

the substrate into
Periph\ton production continued

when nannoplankton levels
dropped, probably because fewer diatoms were
removed from the substrate by the current during this period. Tliese periphytic diatoms were
subsequently released into the current during
earh" fall when plankton levels increased again.
The November nannoplankton increase and subsequent relativeh' high winter levels were probably due to new colonization, since periphyton
levels also rose during this period.
to rise in Julv 1971,

NOV

campground

MAR

JAN

(site 4).

The nannoplankton cycle for site 4 basically
followed the trend described for site 3. High
diatom levels were evident from April to late
June, followed by a summer low, and a high
pulse in September (Fig. 32). The decline in
plankton in October and subsequent rise in November followed a trend similar to that observed
at Lawrence, Stuart Station, and Bear Canyon,
although the plant site did not exhibit the November increase. The plant site also had much
lower plankton levels on June 29, 1971, than the
campground. Turbidity in Huntington Creek

lOOO

750

PLANT

SITE

CAMPGROUND

z
o
z O
<
I
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a.

o
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z
<.

z
-J
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Fig. 32.

JUNE

JULY

Seasonal densities of nannoplankton at the plant

SEPT
site (site 3)

NOV
and the campground

JAN
(site 4).

MAR
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was 40 JTU on June 29 comat site 4. Likewise, on July 5,
1971 turbidity was 25 JTU for site 3 and 11 JTU

at the plant site

pared to 15
for site 4

(

JTU

Wingett, per. com.

)

.

The higher

tur-

were attributed to excavation at
the generating station approximately one mile
upstream from site 3. Abrasion caused by the
extra silt load in the water may have depleted
the source of nannoplankton at this site by reducing periphyton populations prior to the June
bidity

levels

29 collection, thus accounting for the lower
nannoplankton levels here during this period.

The lower nannoplankton

levels in

Novem-

ber 1971 are attributed to pollution from Deer
Creek. This creek flows east from a coal mine
across the Utah Power and Light Co. generating
station to Huntington Creek. During much of
the year its flow was restricted, but during certain periods it flowed freely, carrj'ing an extremely heavy load of coal dust and mining
wastes. In October and November the black,
soupy water from Deer Creek clouded the clear
waters of Huntington Creek and caused heavy
coal dust sedimentation on the creek bottom.
The effect of this water was probably the main
reason for the low November counts here.
In summary, the flora at site 4 was similar to
the flora at site 3 in containing large numbers of
diatoms both on the substrate and in the nannoplankton. High periphyton production in late
spring contributed to corresponding high nanno-

Production decreased during
late summer and increased again in winter.
Nannoplankton levels at site 4 fluctuated greatly
and differed somewhat from those of site 3.
These differences were apparently caused by excavation above site 3, and pollution from Deer
Creek. Encrustations of filamentous Cyanophyta
were more abundant at site 4 than site 3 in late
summer and visible mats of Oscillatoria sp. occurred at the campground. Hydrunts foetidns
grew more profusely at the campgroimd in the
spring and greatly influenced the net plankton
during this period. Both sites were influenced
by euplankton from reservoirs on the upper
drainage of the left fork.

plankton

levels.

Stuart Fire Station (Site 6)

The

Stuart

Fire Station

locality'

is

located

on the right fork of Huntington Creek approximately 8 miles below the proposed site for the
dam creating Electric Lake. Tliis site had considerably less water volume and lacked the influence of reservoirs and artificial flow regulation noted for the left and main Forks of Huntington Creek. However, physical and chemical
conditions of the water at site 6 were similar

conditions downstream except for slightly
higher silica and alkalinity levels.
Seasonal fluctuations in the algal flora at
Stuart Station differed in many respects from
those at other sites. This was probably due in
large part to the higher altitude and consequent
lower temperature and shorter growing season
and to the shading effect from the steep walls
in this part of the canyon.
Hijdrurus foetidus was much more prevalent
at Stuart Station than lower in the canyon. It
was abundant here as early as March in 1971,
although the creek was mostly frozen over. It
remained present throughout the spring and by
June it reached a peak of development forming
a prevalent dark covering on most of the stones
and rocks of the stream bottom. The quadrat
method for estimation of cover and frequency
showed this alga to cover 30% of the total substrate and be present in 100% of the plots on
June 8, 1971. Visual estimation on the same date
of several sites further up the canyon showed H.
foetidus to be even more abundant there than at
Stuart Station. By June 29, this species had declined significantly and soon after disappeared.
H. foetidus reappeared in December 1971 and
became abundant in Februar)' 1972 after the ice
had melted. This alga usually exhibited more
luxuriant growth on larger rocks than on small
to

stones,

and

it

was common

to find rich

brown

filaments trailing in profusion from these rocks.

The

spring net plankton here was greatly influenced bv broken Hi/drums filaments, and the
peak in net plankton occurred in early June
concurrent to the peak of Hi/drurus production
on the substrate (Fig. 33).
Filamentous blue green algae formed an important part of the algal communitA' at Stuart
Station. They occurred in all floristic samples
and net plankton samples from this site, often
occurring in abundance. Maximum development
of these algae occurred on the substrate from
July to October 1971, when filaments of Lynghija spp., Pliormidium spp., Oscillatoria spp.,
and Schizothrix fragile formed extensive encnisting mats. These filaments were dense and
intertwined, and heavily laden with silt particles, diatom mucilage and frustules, and thick
deposits of calcium carbonate, which made the
exact characterization of this communit)' difficult. However, Oscillatoria agardfiii was abundant in August and Schizothrix fragile and
Li/nghi/a acniginco-cocrulea were abundant in
October. Fragments of these blue green algae
appeared in high numbers in the net plankton
from October to November (Fig. 33) similar to
Oscillatoria cf. tenuis also apsites 3 and 4.
peared in October as bright blue green filamen-

1^1(11
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Si Mils, \()i

.
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tous entanglements similar to those observed at

the

campground

in July.

O. agardhii was also abundant in the flora
during the winter months. It was prevalent on
periphyton slides in November and February
and from floristic data it appeared to be widespread on the substrate throughout the November- Feb ruar)' period. The high levels of Oscillatoria spp. in the 1971 spring net plankton
were probably the result of a similar colonization during the winter of 1970-71.
Although this blue green algal community at
Stuart Station was ver>' important on the sublittle significance on the periplaced in the creek to monitor
substrate colonization. Blum ( 1957 ) reported a
similar situation in the Saline River, Michigan,
where a cnistose Schizothrix-Phormidium community occurred on the river bottom. He found

strate,

phyton

it

was of

slides

even after a year's period, sterile rocks
placed in the river failed to develop a communits' stnicturt^ comparable to the mature Schizothrix-Phormidium crust evident in the river. He
concluded that a mature crust required a year

that

UwivEnsiTi' Science Bulletin

summer

rates at other sites on Huntington Creek.
These species occurred mostly from late June to
October, but Spirogtjra sp. was found from early
June to Februar\'. Mougeotia sp. showed a significant increase in July when it comprised 62% of
the net plank-ton, and was the main contributor
to the general increase in net plankton during
that month (Fig. 33). The creek upstream from

many regions with slow
water and meandering stream channels, as well
as springs, pools, and quiet backwaters. These
areas supported luxuriant growths of conjugate
algae and were undoubtedly the source of these
algae in the net plankton at Stuart Station. Algae in these ponds and backwaters probably
only entered the creek during runoff from late
summer rain storms, but those growing in pools
and side waters of the creek itself were conStuart Station contains

stantly released into the channel.

Diatom colonization of the creek substrate
showed peak development in
May and November 1971. with lesser peaks in
late June 1971 and Febmar\' 1972. The November-March diatom density was much greater at
at

Stuart Station

or

more to develop, and that the SchizothrixPhormidium communit\' was a permanent mem-

Stuart Station than that of any period at sites
3 and 4 (Fig. 34), suggesting that the aquatic

ber of the algal flora in tlie Saline River. A simisituation occurs in Huntington Creek. The
basic blue green algal community persists at
Stuart Station throughout the year and develops
extensively during summer and fall months.
Cladophora pjomerata likewise chd not ac-

habitat

lar

colonize microscope slides at Stuart Station, although it occurred abundantly on the substrate and significantK' influenced the net planktive^lv

ton in the spring and fall. This species covered
6f of the substrate in September and 10.5% of
the substrate in October 1971. It occurred more
on large rocks than on small stones and was
covered with epiphvtic Cocconeis placentula,
Gomphonema olivaceum, and other diatoms. It
was much reduced in November, exhibiting a
stubby growth form, but existed through the
winter and became heavilv encrusted with calcium carbonate and sediment.
In December C. glomerata was intertwined
with many filaments of UlotJirix zonata and V.
aequalis. lUothrix was otherwise most evident in

Mav and

Jun(> at this localit\'.

Oedogonium

sp.

was

rare at Stuart Station,

although it occurred throughout the summer.
Stiaeoclonium attenuatum and S. stagnatile occuiTcd here inostK' in the fall months. Mougeotia sp.. Spirogijra sp.,

and Zijgnema

summer

sp.

were of

net plankton
at Stuart Station and were the algae responsible
for the steadv, relatively high net plankton rates
through this period as contrasted to the lower

unique importance

in

the

here was more conducive to diatom
production than lower in the canyon. The low
rate in early June was likely in
part a result of the extensive Hydrurus foetidus
development during that period. Summer diatom

colonization

production was low here as it was at sites 3 and
4, although the summer low began in July.
Many diatom genera on the substrate contributed to the total periphvton trends for the
study period (Fig. .3.5). Certain genera such as
CijmheUa (mostly C. ventricosa and C. parva),
Synedra (mosth' S. uJrtc), and Diatoma (mostly
D. vulgare) demonstrated high numbers on the
slides collected on June 29, 1971. These genera
were responsible in large part for the general
periphyton increase of that period. CymheUa
spp.

were especially abundant

in June. Floristic

and
downstream demonstrated extremeIv high numbers of CymheUa. Diatoma vulgare
was also an important colonizer during this

samples taken on June

15, at Stuart Station

select(>d sites

period.

The fall and winter Diatoma vulgare-Gomphomnna olivaceum increase was much the same
at Stuart Station as at sites 3 and 4 down canHowever, increased D. vulgare colonization
began in October rather than in November, and
G. olivaceum colonization began increasing in
v(m.

November

rather than later in the winter. D.
vulgare began forming long prominent zigzag

colonies in October which became a dominant
part of the periphvton flora in November and
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continued dominant through the winter until
February 1972. G. olivaceum demonstrated a
high colonization rate throughout the Novemberearly

May

period.

Nitzschia, as a whole, demonstrated spring

highs and a simimer low, thus following
the general diatom trend. However, N. acicularis
occurred mostly in the summer and early fall,
when it was found in both the periphyton and

and

fall

nannoplanlcton from late June to November.
Cocconeis placenttila also occurred in greater
abundance during the summer and early fall
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began colonizing in July and reached
and September, after which

a peak in August
it

decreased significantly.
Butcher (1932) described an

Ulvella-Coc-

community which was abimdant

coneis

glish calcareous rivers

during

in

En-

summer months.

An

alga similar to Ulvella, but identified as
Protoderma viride (after Prescott, 1962) was
found colonizing glass slides at Stuart Station
on September 15, 1971. Protoderma is a green
alga

exhibiting

growth

PFRIPHYTON

habit. In

a

prostate,

often

Huntington Canyon

encrusted
it

becomes
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crusted with calcium carbonate and silt particles, making it difficult to identify except when
on periphyton slides. This same species was
found abundantly on shdes at Lawrence in September and October 1971 and was an important
alga in the benthic

community

there.

It

was

an important constituent of the crusts
evident at sites 3 and 4 during this same early
fall period, although accurate identification was
difficult and Protoderma was absent on glass
likely also

slides at these sites.

Four periphyton

slides

were retrieved from

6 in September, and Protoderma viride was
prevalent in three of the four, covering an estimated 10% to 2D% of the surface of each slide.
In October P. viride was found on only one of
three slides and had decreased in importance
site

on that

slide.

Tliis

alga therefore exhibited a

short colonization period here and was probably
not as effective in colonizing bare surfaces

rapidly as some diatoms, such as Cocconeis and
Achnanthes.
Visual observation of the stream bottom
throughout the summer indicated that Protoderma viride was more prevalent than our data
suggest. Such prostate, often encrusted forms
are rare in the plankton (Butcher, 1932), thus
eliminating plankton data as a means of monitoring their production on the stream bed.
Hence. Protoderma viride did not appear in
nannoplankton counts from Stuart Station. This
represents a weakness in subsampling and illustrates

that total

numbers

of

individuals

in

a

determined onlv by one sampling method
may not always convey a true picture of the
flora as a whole. Protoderma viride mats were
few in number on the periphyton slides although
each covered a considerable area, making it
important in terms of total cover although inflora as

significant in total

number

of cells

when com-

pared to diatoms on the same slide.
Achnanthes minutissima and Cocconeis placentuhi illustrate a similar problem of sampling.
Table 5 compares the total number of Achnanthes
minutissima and Cocconeis phirentula
cells per cm= and their relative abundance on
periphyton slides for the summer and early fall
of 1971.
5.
Density in cells/cm^ and relative abundance
of Achnanthes and Cocconeis in the periphyton of
Site 6 July-October 1971.
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Density of narmoplankton at the campground

Stuart Station
23,

SEPT
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1971.

The

were made on February 19 and
two samples are
Table 6. Tlie close correlation of

results of tliese

summarized in
these two counts supports the reliability of the
sampling techniques used and also indicates relatively stable conditions in the creek

during

this

four-day period.

In summary, the flora at Stuart Station demonstrated many species of diatoms on the substrate throughout the year with an AchiianthesCocconeis-Protoderma community prevalent in

summer and

early fall. Filamentous blue green
algae were important here throughout the year,

Table 6. Nannoplaiiltton totals for February
February 23, 1972, from Stuart Station.

February

Navicula

1972
Percent

19,

19

and

February- 23, 1972
No.
Percent

No.
Per

Compo-

Per

Compo-

Liter

sition

Liter

sition

(site 4)

NOV
and Stuart Station

JAN
(site 6)

MAR
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the total amount of attached algae was low in
these areas.
The seasonal cycle of Htjdrurtis foetidtis at
Bear Canyon probably was much the same as
at Stuart Station. It appeared in the late fall
and was Ukelv present throughout the winter,
since it was prevalent in the early spring when
the ice broke. Because of the high altitude and
consequent lower temperature of the water here,
H. foetidus persisted longer into the summer
than at sites lower in the drainage. Thus, this
species was abundant in tlie net plankton as late
as June 29, and still present in the July 30, 1971,

sample.

Growth

of CladopJiora glomerata

was not

ex-

Bear Canyon, and when found, it
was covered with numerous epiphytic diatoms
such as Cocconeis placentula and Gomphonema
olivaceum. Filaments of several conjugate algae
were retrieved in net samples during the summer and early fall months. These algae largely
originated in protected environments upstream
from Bear Canyon where luxuriant mats of
Spirogi/ra sp. were observed in October. Spirogijra sp. was more prevalent in these samples
in the fall while Moiigeotia sp. and Ztjgnema
sp. occurred mostly during the summer.
Closterium spp. (mostly C. moniJiferum) were
important in the creek at Bear Canyon. In July
their density in the net plankton was 67.5 cells
per liter and in August thev were present at 42
cells per liter. CAostcrium production in the
creek occurred in the substrate in protected
areas, among mats of filamentous algae and in
partially submerged streamside vegetation. These
same habitats were also the site of production
for Trachelomonas robusta, which appeared in
the creek in August, September, and November.
Nannoplankton samples were taken during
tensive at

the August-November period. Tlie total numbers
varied somewhat from the figures obtained at
Stuart Station and in general were more stable

and quite consistently high (Table

7).

One

reason for the stability in nannoplankton levels at Bear Canyon was a large occurrence of Nitzschia palea and Gomplwnema olivaceum in September, even though most other

genera decreased in numbers during this period.
A similar Nitzschia sp. pulse contributed to the
Stuart Station nannoplankton in September, but
the numbers of most other genera increased as
Nannoplankton totals in cells per liter for
Station and Bear Canyon for August-November 1971.

Table

7.

Stiiart

Sept.

Oct.

Nov.

116,741

310,271

215,576

218,223

66,435
112,295

282,768
265,056

Aug.
Stuart

Station

Bear Canyon
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thus producing a large pulse. This September increase at Stuart Station was followed
by a yearly low in October, which also occurred
at sites 1, 4, and Bear Canyon. A November
nannoplankton pulse was noted at Bear Canyon
as well as at other sites, caused by a general increase in the numbers of most diatom genera.
A second reason for the plankton stability
in the upper drainage of Huntington Creek is
well,

attributed

to

the terrestrial environment.

The

upstream from Bear Canyon consists of
large grassy valleys and rolhng mountains. Consequently, late summer storms have less effect
on the right fork here than in the canyon immediately above Stuart Station where the mountain sides are steep and easily eroded during
storms, thus raising the water level rapidly and
terrain

silt load in the creek. This inload and high water is Hkely responsible for scouring diatoms from the substrate
and thereby altering nannoplankton counts.

increasing the

creased

silt

Tie Fork Pond

The

(Site 5)

environment of Tie Fork Pond
provided a habitat uniquely different from that
of the swift flowing Huntington Creek, and thus
the flora here contained many algae which did
not occur in the creek. In addition, the cycles
of occurrence of some genera common to both
environments were very different.
lentic

Physical and chemical properties of the
water in Tie Fork Pond differed in several important aspects from that of the neighboring portion of Huntington Creek. Silica fluctuated from
levels below to levels above those found in the
creek waters. Hardness was usually greater in
the pond, with magnesium hardness being much
higher and calcium hardness being somewhat
lower than in the creek. Total alkalinity in the
pond was higher and carbonate alkalinity was
usually present along with bicarbonate alkalinity.
Turbidity was also higher in the pond because
of abundant planktonic algal growth, and water
temperature was usually 5-I0°C higher since
the small

by the

pond was

easily

and rapidly warmed

sun.

The pond was completely
On March 11, 1972,

winter.

frozen during the
it

had begun

to

thaw, but neither visible benthic algae nor
plankton were evident. A nannoplankton sample
taken from the pond yielded only a few diatom
fnistules which appeared to be left from the
previous year.
In April 1971, the pond was completely
thawed, and the remains of the previous year's
Chara mat were evident on the bottom. Filamentous algae such as Oedogonium sp., Spiro-
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gtjra sp.,

and Microspora

sp.

were already

float-

ing on the surface of the pond, indicating that
spring colonization is rapid. The plankton dur-

ing this month were predominately diatoms inGomphonema,
Cijmhella,
Navicula,
cluding
Sijnedra, Nitzschia, Achnanthes and Cocconeis.
Filamentous algae developed throughout the

By June a new growth of
( Fig.
38
Chara vulgaris was evident on the bottom and
Spirogyra spp. filaments were abundant throughout the pond. Mougeotia spp. and Zt/gnetna sp.
mats were abundant near the south shore of the
pond wh(>re a culvert drained under the highway into the creek. In July Potomogeton sp. was
abundant in the pond and the PotomogetonCfiara association completely covered the bottom. Mougeotia (mostly M. gemiflexa) development reached a climax during this month and
thoroughly saturated the water when it fonned

summer

)

.

bright green fluffy "clouds" throughout the pond.
Tliis summer development of Mougeotia correclosely with its appearance in the net
plankton of the creek throughout the canyon,
indicating that the same developmental cycle
occurred in other habitats supporting Mougeotia
growth. Spirogi/ra spp. development occurred
mostlv in late summer and early fall in the pond,
similar to other locahties.
By August the water level in Tie Fork Pond
had fallen considerably and very little free
water above the Chara-Potomogeton cover was
present. Consequently, the filamentous green algae declined considerably and generally became
restricted to narrow channels near the culvert.
Conditions in September were much the same
except that a new bloom of Mougeotia (mostly
M. gentiflexa) and Spirogt/ra sp. occurred in the
limited free water in the pond. The late summer
environment of August and September allowed
the rapid development of Oscillatoria limosa and
O. tenuis and, to a lesser extent, Lynghtja major

lated

and

L. aerugineo-coerulea.

The water

level rose again in

by November, a 1-inch

October and

layer of ice covered the

pond. Extensive decomposition of the summer
acjuatic vegetation began beneath the ice, making the water black and putrid.
Tie Fork Pond supported a large population
of diatoms throughout the studv, although several genera, such as Gomphonema. Si/nedra,
Achnanthes, and Cymhella, declined in the summer months. Other genera, such as Nitzschia
(including N. palea, N. sigmoiclea, and N. linearis), Epithemia (mostly E. gihha), Fragilaria
crotonensis, and F. virescens, were ver\' abundant in the summer (Fig. 39). Nitzschia spp.
fluctuated throughout the study period from
.\pril to October. Epithemia (including E. gihha.

E. turgida,

and E. argus) showed

a

maximum

of

159,750 cells per liter occurring in July.
Fragilaria crotonensis and F. virescens occurred throughout the summer. F. crotonensis

occurred in highest numbers in late June and
F. virescens in July. The bloom of F. crotonensis was apparently much earlier here than in
the reservoirs on the left fork of Huntington
Creek, where the bloom occurred in October.
Tlie many nondiatom species present in the
nannoplankton and the large number of net
plankton during the summer in Tie Fork Pond
are characteristic of fresh water lentic environments. True plankters in the nannoplankton here
included: Trachelomonas robusta, which increased in density throughout the summer to a
peak in October; Scenedesmus (mostly S. bijuga), which was most abundant in July ( 113,125
colonies per liter) but persisted in the flora until October; N ephrocijtium hinatum, which appeared in high numbers in July, declined in
August and September, and was essentially gone
by October; the desmid Sphaerozosma sp., which
composed 25% of the flora in August and September, appearing mostly as single cells rather
than in its typical colonial form; Cosmarium sp.,
which occurred throughout the season and
pulsed slightly in July and August; and Staurastrum sp., which occurred from June 29 to October 8, being highest in July and August. These
last two genera were of minor importance in
relation to the entire flora, never comprising
more than 37c of the total nannoplankton.
True plankters in the net plankton included:
Pandorina morum. which increased from July to
a maximum densitA' in September of 400 colonies
per liter; Euglerui spp., which were prevalent

occurring

throughout

the

numbers

August and September when they

in

season,

in

greatest

reached 2,750 cells per liter; Chisterium (mostly
C. monilifcntm), which appeared occasionally
after May; planktonic Chroococcales (Cyanophyta) which occurred from July to October;
and species in Pyrrhoph\ta (mostly Peridinium
cinctum). which appeared in low numbers in
July, August, and October. Most of these algae
were not significant in numbers. Desmids, for
instance, were generally rare in Tie Fork Pond
and throughout the drainage since they are
more adapted to softwater and acid habitats
(Prescott, 1962) than to calcareous waters such
as those of Huntington Canyon.
Many euplanktonic algae were also found on
periphvton slides. Most of these probabU' settled
out of the water onto the slides and became a
part of the community developing there. For instance,
slides

Scenedesmus was quite prevalent on the
throughout the summer. Butcher (1932)

Bi(M/^o:r\L Series. \<>i
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discussed Scenedesmus and other algae such as
Pediastrum and Ctjclotella that are cosmopohtan
in distribution and usually found on the bottom
of ponds, ditches, and slovv-flovving streams
where they live and reproduce until they are
disturbed and become a part of the plankton.

Production of diatoms on glass shdes in Tie
Fork Pond was generally less than in Huntington Creek, but since no current continually
washed the diatoms downstream, numbers in the
plankton of the two habitats were comparable.
Trends similar to those observed in Tie Fork
Pond occurred in other ponds throughout the
Huntington Canyon drainage. One such pond is
located adjacent to site 2. This pond maintained
an extensive mat of Cham vulgaris throughout
the year, with continual production and decomposition adding to the 2 feet of black organic
mud on the bottom.
A pond located about 2 miles east of the
plant site was filled with moss rather than Chara.
In May this pond contained Microspora sp.
much as Tie Fork Pond and a bloom of Fragilaria virescens which continued through early
June. Microspora sp., Mougeotia sp. and Spirogyra sp. were abundant here in the early spring,
and Oscillatoria limosa and O. tenuis became
abundant in late June. Epithemia gibba was
present from May to July and Navicula sp. and
Nitzschia sp. were abundant in early summer.
Green algae declined generally through the sum-

mer,

while filamentous blue green algae,
Oscillatoria tenuis and O. limosa,

pecially

es-

in-
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creased greatly. Desmids were more abundant
pond than in any other habitat sampled

in this

in Huntington Canyon. The dominant desmid
was Closterium rnoniliferum, common from July

to October.

A similar mossy pond is located one mile
above Stuart Station (Fig. 40). The spring flora
of this pond included Vaucheria geminata, Mougeotia parvula, and Ulothrix tenuissima. In June,
Spirogyra dubia occurred and Vaucheria gemiwata disappeared. Draparnaldia plumosa was abundant in June, as were Chlamydomonas sp., Closterium moniliferum, C. erhenbergii, and C. rostratum. Tliese desmids, along with Cosmarium
were also collected throughout the summer
in
floristic
samples.
Mougeotia genuflexa

sp.,

bloomed in July and Spirogyra dubia and Oedogonium sp. bloomed in August. Euglena (including E. acus) was often present in the Spirogyra
mats. Epithemia sp. (mostly E. gibba) was present throughout the season in this pond and was
most prevalent

in

August.

Filamentous algae

by October except for Oedogonium
sp. Spirogyra dubia became prevalent again in
November and was accompanied by a bloom of

became

rare

Synedra (mostly

The

S,

pond

ulna).

adjacent to the Bear Canyon sampling site. Its flora consisted of Spirogyra sp., abundant throughout most of the season except for July, Nitzschia sp. and Cymbella
sp. in June, and Zygnema sp. in July and August. Epithemia gibba was also abundant in August, as were several species that were also
found in Tie Fork Pond, including Oscillatoria
limosa, O. tenuis, and desmids. Staurastrum
eustephanum, especially, was common here in
third

is

July-September.
In September and October Amphipleura pellucida appeared abundantly in this pond, and

Epithemia gibba continued abundant. Early fall
filamentous algae included Spirogyra sp., Zyg-

nema
nata.

sp.. Mougeotia sp., and Vaucheria gemiTolypothrix larmta was prevalent in Sep-

tember and Oscillatoria tenuis became abundant
October. Chara vulgaris was present in this
pond during the summer and fall season but did
not form the extensive mats found in Tie Fork

in

Pond.
Algal Flora of Huntington

Huntington Creek

is

Canyon

a cold, clear, fast-flow-

which supports a diverse
adapted to these conditions. Diatoms
are the most abundant algae present, occiuring
throughout the year on the substrate and in the
plankton. Tlie dominant genera are Navicula,
ing, calcareous stream,

algal flora

Fig.

40.
Shallow pond adjacent to the Right Fork of
Huntington Creek, These small ponds represent one

source of euplanktonic algae in the flora of
tington Creek, Photographed April 28, 1972,

Hun-

Gomphonema, Nitzschia, Synedra,
Achnanthes, and Diatoma. Diatoms show maxiCi/mbella,
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mum

and early

winter.

velopment (Fig. 41). Most of these filamentous
algae are quickly destroyed as they are carried
downstream by the current.

Benthic diatoms are the main contributors
nannoplankton, and the composition and
seasonal fluctuations of the nannoplankton are
largely determined by similar fluctuations on
the substrate. Water level fluctuations, water
temperature changes, and mechanical disturbances also appear to be factors influencing
nannoplankton levels.
Pcriphyton colonization is higher in the right
fork of Huntington Creek than lower in the can-

Cladophora glomerata and Oedogonium sp.
numbers in Huntington
Creek. C. glomerata is most abundant in the
lower reaches of the right fork during the fall,
and Oedogonium sp. is most abundant in the
upper right fork during the same period. These
genera are likewise prevalent in tlie lower Huntington Creek as it flows through Castle Valley,
where they form long streamers from the stones
during late spring and early summer.

and

production on the substrate in late spring
early

summer and

in

late

fall

to the

yon, and nannoplankton amounts increase as
the water moves downstream. However, the increase is not entirely cumulative since destruction of cells occurs in the turbulent water.

True planktonic

Chara vulgaris occurs in lower Huntington
Creek from July to December, forming large
mats and sometimes filling large sections of the
stream channel.

algae, including Asterionella

formosa. Frapilana crotonensis, Dinohnjon

cijl-

morum, and Cerathim

hir-

inclricum, Pandorina

also occur in significant

undinella occur in the plankton of Huntington
Creek. These algae are thought to originate in
reservoirs on the upper drainage of the left fork
of Huntington Creek, and their occurrence in
the creek basically correlates with algal cycles
in these reservoirs.
Filamentous algae are also important constituents of the Huntington Creek algal flora.
Hydrurus foetidus grows profusely from late
winter to early summer, especially in the upper
reaches of the canyon, forming thick mucilagineous growths on stones and rocks on the stream
bed. Blue green algae are present on the creek
substrate throughout the year, but show high-

production during summer and fall when
encrusted communities form on the stony substrate. Other filamentous algae present in the
canyon include Ulothrix tenuissima, U. zonata,
and Stigeoclonium stagnatile, which occur mostly in the spring, and Mougeotia spp., Spirogyra
spp., Zt/gnerna spp., and Vaucheria geminata,
which grow in backwaters, pools, and ponds
along the creek through the summer and fall.
Fragments from these filamentous algae are
an important source of net plankton. Hydrurus
foetidus fragments are prevalent in the plankton
in the spring, and filaments of blue green algae
occur in large quantities during October and
November. Most filamentous green algae occur
during the summer months, and they are most
prevalent in the right fork where protected areas
along the stream channel allow for their de-

Diatoms important in the flora of the lower
Huntington Creek include Navicula, Nitzschia,

Gomphonema, Synedra, Surirella,
Cymhella, Cocconeis, Achnanthes, and CycloDiatoina,
tella.

Ponds in the drainage support abundant summer algal floras. Filamentous algae, desmids,
and such motile genera as Chlamydomoixas, Euglena, and Trachelomonas are common constituents of these floras.

est

Fig.

41.
A small tributary of Huntington Creek (A)
with profuse growths of Microspora willeana and
Cladophora glnmrrata. Photograj)he<i April 28. 1972.
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Oscillatoria
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9,300

Other Oscillatoriaceae

Anabaena
Calothrix

Chlamydomonas
Pandorina

Other Volvocaceae

Oedogonium
Cladophora
Rhizoclonium

Characium
Pediastrum

Ankistrodesmus

Nephrocytium

Scenedesmus
Mougeotia
Spirogyra

Zygnema
Other Fihimentous
Chlorophyta
Closterium

Cosmarium
Micrasterias

Pleurotaenium

Sphaerozosma

Staurustrtim

Euglena
Phacus

Trachelomonas
Total Algae

66,011

31,953

18,573

19,458

57,778

43,961

27,601

3,816
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Table 25. Number of organisms per
Algae

liter

and

relative

8/20

1971

Diatoma vulgare
Meridian

Synedra

Achnanthes
Coccimeis
Rhoicosjihenia

Naviculci cf

capituta

Navicula cf
rhyncoceplwla
Navicula cf
tripunctata

Other Navicula
Stauroueis

Gomphonema
Cymbt'lla

Epithemia
Nitzschia
acicidaris

Other Nitzschia
Surircllu

Trachclomonax
Total Algae

1,390
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abundance of nannoplankton
9/15
1971

at

Bear Canyon

(Site 7)

10/8

11/15

1971

1971
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Frf(|iicn(.v, percent cover, and pcrcenl composition of the
Creek, June 1971 -March 1972
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Table 27. Physical and chemical data from Huntington Canyon. Water temperature (°C).
Site

liioi.i.cK Ai. Si nil s. \iii,.

IS,

No. 2

Table 30. Physical and chemical data
Site

Lawrence
Highway 10

Ai.<:ak.

fmm

<>i-

IK'ntincion C^xnvon.

81

I'taii

Huntington Canyon. Dissolved oxygen (mg/1).

6/29
1971

7/30
1971

8/20

1971

9

5

9

9

10

8

6

.3

8

7*

9*

8*

8

10

7

nd

nd

6/8

1971

9/15
1971

10/8

1971

U/1.5
1971

12/17
1971

1/20

2/19

3/11

1972

1972

1972

911

nd

Plant Site

Campground
Tie Fork
Stuart Station

Bear Canyon

11*

nd = no data available
*Data recorded during corresponding time periods by Dr. Robert Wingett, Center
Studies. Brigham Yoinig University.

for

nd

nd

Health and Environmental

Table 31. Physical and chemical data from Huntington Canyon. Dissolved carbon dioxide (mg/1).
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Stuart Station

Ca Hardness

Mg

Hardness

Total

Bear Caiivon
()a Hardness
Mg Hardness
Total

100*
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APPENDIX

M. genufleia (Dillw.)
M. parvula Hassall

-

C. A.

Agardh

S.

A. Class Chlorophyceae
1.
Order Volvocales

S. spp.

Zygnema

Family Chlamydomonadaceae

Chlamydomonas

insigne (Hass.) Kutz.

Z. spp.

Carteria klebsii (Dang.) Dill
b)

sp.

Family Desmidiaceae
Closteriuni acerosum
C. dianae Ehr.

Family Volvocaceae
Pandorina morum (Muell.) Bory
Volvox terlius A. Meyer

Family Gloeocystaceae
Gloeocystis

C. spp.

sp.

(Schr.) Ehr.

ehrenbergii Menegh.
lanceolatum Kg.
motiilifrruni Ehr.
rostratum Ehr.

C.
C.
C.
C.

Order Tetrasporales
a)

Science Bulletin

Spirogyra decimina (Muell.) Kutz.
dubia Kutz.
S. porticalis (Muell.) Cleve

Division Ghlorophyta

b)

U.NivERsiTi'

II

ALGAE COLLECTED FROM HUNTINGTON
CANYON OCTOBER 1970 MARCH 1972

a)

Young

Cosmarium margaritiferum Menegh.
Order Chlorcoccales
a)

b)

Sphaerozosma filiforme Rabh.
Stauraslrum eustephanum (Ehr.) Ralfs

IL

Agardh
Protoderma

b)
c)

.

mutica Breb.

Division Euglenophyta

A. Class Euglenophyceae
1
Order Euglenales
a) Family Euglenaceae
Euglena acus Ehrenberg
E. gracilis Klebs
.

£. minuta Prescott
E. sp.
Eutreptia sp.

Phacus acuminatus Stokes
P. pyrum (Ehrb.) Stein
P. sp.

W. West

viride Kutz.

gracile Ralfs

5.

Charophyceae
Order Charales
a) Family Characeae
Chara vulgaris Linnaeus

Family Microsporaceae
Microspora willeana Lagerheim
Family Cylindrocapsaceae

Order Chaetophorales
a) Family Chaetophoraceae
Draparnaldia plumosa (Vauch.) C. A.

lS.

B. Class

Lager.

S. quadricauda (Turp.) de Brebisson
Family Hydrodictyaceae
Pediastrum telras (Ehr.) Ralfs

Cylindrocapsa conjerta

sp.

P. sp.

Lemmermann

Stichococcus sublilis (Kutz.) Klercker
Ulothriz aequalis Kutz.
U. lenerrima Kutz.
U. tenuissima Kutz.
U. zonata (Weber & Mohr) Kutz.

sp.

Micrasterias

Family Scenedesmaceae
Scenedesmus bijuga (Turp.) Lagerheim

Order Ulotrichales
a) Family Ulotrichaceae

c)

spp.

Pleurotaenium ehrenbergii Ralfs

(Corda)

1

b)

tinctum Ralfs

and West
Nephrocytium lunatum W. West
Oocystis gigas Archer
Family Dictyosphaeriaceae

S. denliculatus

e)

quinarium Lund

Euastrum

Botryococcus sudeticus
d)

ochthodes Nord.
ovale Ralfs

Ralfs
Closteriopsis longissima var. tropica West

Ankistrodesmus falcatus

c)

C.
C.
C.
C.
C.

Family Chlorococcaceae
Characium ambiguum Hermann
C. obtusum A. Braun
Family Oocystaceae

Trachelomonas robusta Swirenko
IIL Division Pyrrhophyla

A. Class Dinophyceae
Order Peridiniales
I.

Sligeoclonium attenuatum (Hazen)

a)

Collins
5. stagnatile (Hazen) Collins

Peridinium cinctum (Muell.) Ehrenberg
b) Family Ceratiaceae
Ceratium hirundinella (Muell.) Dujardin

Family Aphanochaetaceae
Aphanochaete repens A. Braun
Family Coleochaetaceae
Coleochaete irregularis Pringsheim

Order Oedogoniales
a) Family Oedogoniaceae

Oedogonium

spp.

Order Cladophorales
a) Family Cladophoraceae
Cladophora fracla (Dillw.) Kutz.
C. glomerala (L.) Kutz.
Rhizoclonium hicroglyphicum (C. A. Ag.)

Family Peridiniaceae

IV. Division Chrysophyta

A. Class Xanthophyceae
1
Order Heterococcales
a) Family Characiopsidaceae
Characiopsis acuta (A. Braun) Borzi
C. longipes (Rabh.) Borzi
b)

2.

Family Chlorotlieciaceae
Ophiocytium sp.

Order Tribonematales
a) Family Tribonemataceae

Tribonema bombycinum

Kutz.

Derbes
Order Zygnematales
a) Family Zygnemataceae
Mougeotia capucinn (Bory) C. A.

Agardh

3.

&

A. Ag.)

(C.

Solier

Order Vaucheriales
a) Family Vaucheriaceae
Vaucheria geminata (Vauch.)

De

Candolle

.
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Chrysophyceae
Order Chromulinales
a) Family Hydniraceae

exigua Greg.
lanceolata (Ag.) Kutz.
N. minima Grun.

B. Class

A',

1.

A',

Hydrurus
2.

N

foetidus (Vill.) Trev.

Order Ochromonadales
a) Family Dinobryaceae
Dinobryon cylindricum Imhof

pseudoreinhardtii Patrick
papula Kutz.
A', radiosa Kutz.
A', radiosa var. tenella (Breb.) Grunow
A', rhyncocephala Kutz.
A', secreta var. apiculata Patrick
A', tripunctata var. schizonemoides (v.
Heur.) Patrick
Neidium affine var. longiceps (Greg.)
A',
A',

Order Centrales
a)

2.

Family Coscinodiscaceae
Cyclotella meneghiniana Kutz.

Order Peimales
a)

Cleve
N. binode (Ehr.) Hust.

Family Fragilariaceae
Asterionella formosa Hassall

Diatoma anceps

var. linearis

M.

Pinnularia brebissonii (Kutz.) Rabh.
P. viridis var. minor Cleve

Perag.

hiemale var. mesodon (Ehr.) Grunow
tenue var. etongatum Lyngb.
vulgare Bory
vulgare var. breve Grunow
Fragilaria construens var. binodus (Ehr.)
D.
D.
D.
D.

Pleurosigma delicatulum W. Sm.
Stauroneis anceps Ehr.
S. phoenicenteron (Nitz.) Ehr.
S. phoenicenteron fo. gracilis (Ehr.) Hust.
S. smithii Grunow

Grunow
construens var. venter (Ehr.) Grunow
crotonensis Kitton
leptostauron (Ehr.) Hust.
pinnata var. lancettula (Schum.) Hust.

F.
F.
F.
F.

e)

(Ehr.) Patrick
var.

amphioxys (Rabh.)

f)

Patrick

Meridian circulare var. constrictum
(Ralfs) v. Heur.
Synedra acus Kutz.
5. affinis

C

W. Sm.

pulchella Ralfs
S. pulchella var. lanceolata O'Meara
S. radians Kutz.
S. ulna (Nitz.) Ehr.
S. ulna var. ozyrhynchus (Kutz.) v. Heur.
S. ulna var. subequalis (Grun.) v. Heur.
Tabellaria feneslrata (Lyngb.) Kutz.

g)

h) Family Nitzschiaceae
Nitzschia acicularis (Kutz.) W. Sm.
A', angularis var. affinis Grun.
A', communis Rabh.

Family Achnanthaceae
Achnanthes defleia Reim.
A. hauckiana Grunow

N. dissipata (Kutz.) Grun.
A', frustulum var. perpusilla (Rabh.)

A. lanceolata (Breb.) Grunow
A. lanceolata var. dubia Grunow
A. lanceolata var. haynaldii (Istv.-

Grunow

Scaarsch.) CI.
A. linearis fo. curta H. L. Sm.
A. minutissima Kutz.
Cocconeis disculus (Schum.) Cleve
C. pediculus Ehr.
C. placentula var. euglypta (Ehr.)

N

hungarica Grun.

A',

linearis

A',

A',
i)

Cleve

Caloneis ventricosa (Ehr.) Meist.
Diploneis pseudovalis Hust.
Gyrosigma acuminatum (Kutz.) Rabh.
G. spenceri (Quek.) Griff. & Henfr.
Mastogloia smithii Thwaites
Navicula bicephala Hust.
N. capitata Ehr.
N. cryptocephala Kutz.
cuspidata var. major Meist.
N. elginensis (Greg.) Ralfs
N. elginensis var. rostrata (A. mayer)
Patrick

A',

A',

W. Sm.

palea (Kutz.) W. Sm.
sigmoidea (Ehr.) W. Sm.
vermicularis (Kutz.) Hantz.

Family Surirellaceae
Cymatopleura elliptica (Breb.) W. Sm.
C. solea (Breb.) W. Sm.
Surirella angustata Kutz.
S. baileyi Lewis
S. ovalis Breb.

C. placentula var. lineata (Ehr.) v.

Amphipleura pellucida Kutz.
Amphiprora alata (Ehr.) Kutz.
Anomoeoneis vitrea (Grun.) Reim.

Family Epitliemiaceae
Denticula elegans Kutz.
Epithemia argus Kutz.
E. turgida var. westermanni Ehr.
Rhopalodia gibba (Ehr.) O. Muell.

b) Family Eunotiaceae
Eunotia curvata (Kutz.) Lagerst

Heur.
C. rugosa Sov.
Rhoicosphenia curvata (Kutz.) Grunow
d) Family Naviculaceae

cuspidata Kutz.

C. cymbiformis Agardli
C. gracilis (Ehr.) Kutz.
C. parva (W. Sm.) Wolle
C. ventricosa Kutz.

S.

c)

Ehr.
G. constrictum Ehr.
C. gracile Ehr.
G. intricatum Kutz.
G. olivaceum (Lyngb.) Kutz.
Family Cjonbellaceae
Amphora ovalis Kutz.

Cymbella amphicephala Naeg.

Kutz.

S. delicatissima

Family Gomphonemataceae

Gomphonema acuminatum

F. virescens Ralfs

Hannaea arcus
Hannaea arcus

odiosa Wallace

.

N. pelliculosa (Breb.) Hilse
A', peregrina (Ehr.) Kutz.

C. Class Bacillariophyceae
1.

85

5.

V.

ovaia Kutz.

Division Cyanophyta

A. Class Myxophyceae
Order Chroococcales
a) Family Chroococcaceae
Chroococcus limneticus
1

C.

Lemm.

minutus (Kutz.) Nag.

Gloeocapsa

sp.

Gomphosphaeria aponina Kutz.
Merismopedia elegans A. Br.
M. glauca (Ehr.) Nag.

M.

.

2.

tenuissima

Lemm.

Order Chamaesiphonales
a) Family Chamaesiphonaceae

Chamaesiphon

sp.

Bhk;ham Young University Science Bulletin
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3.

Schizothrii fragilis (Kutz.) Gomont
Spirulina major Kutz.
S. princeps (West & West) G. S. West

Order Oscillatoriales
a)

Family Oscillatoriaceae

Lyngbya aerugineo-coerulea
Gomont

(Kutz.)

O.
O.
O.
O.

Order Nostocales
a) Family Nostocaceae

4.

L. aestuarii (Mert.) Leib.
L. major Meneg.
L. martensiana Meneg.
L. spp.
Oscillatoria agardhii Gomont

Anabaena

circinalis Rabh.
A. spp.
Nostoc paludosum Kutz,
A', piscinale Kutz.

amphibia Ag
limosa Ag.
tenuis Ag.

b)

Family Scv-tonemataceae

spp.

c)

Family Rivulariaceae

Phormidium

Tolypothrix lanata Wartm.
Calothrix

sp.

sp.
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